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ABSTRACT 
 
T h e  i nv e s t i ga t i on  h a s  b e e n  f o cu ss e d  o n  t he  s yn t h e s i s  a nd  
c h a r a c t e r i s a t i on  o f  c am ph o r -d e r i v ed  ch i r a l  a ux i l i a r i e s  t h a t  
i n co rp o r a t e  t w o  ca m ph or  s k e l e to ns  a n d  a n  ev a l u a t i on  o f  t he i r  
s t e r e od i r e c t in g  p o te n t i a l  i n  e s t e r  α - be nz yl a t i o n  r e ac t i ons .   T wo  
r e g i o i som e r i c  ca m ph or q u in on e - de r i v ed  m on ok e t a l s  w e r e  
s yn t h e s i s e d  an d  id e n t i f i e d  b y  1 D -  a n d  2 D -N MR ,  an d  X - r a y 
c r ys t a l l o g r a ph y.    
 
T h e  s t e r e o -d i r e c t ing  p o t en t i a l  o f  t h e  a l c oh o l s  t h a t  r e s u l t e d  f r om  
r e d u c t i on  o f  t h es e  k e to n es  as  c h i r a l  aux i l i a r i e s  i n  t he  a lk yl a t i on  
o f  c a rb ox yl a t e  e s t e r  d e r iv a t iv e s  h a s  b e e n  s tu d i ed .   T h e  
d i as t e r eo s e l e c t i v i t i e s  sh o wn  b y N M R  s p e c t ro s co p y r a n ge  f r o m  1 4 -
3 0  %  d . e .  fo r  (1 R , 2 S , 3R ) -2 ,2 - [ (1 R , 2 S , 3R ) -b o rn an e - 2 ,3 - d i ox y] -
b o rn a n -3 -o l  an d  68 - 74  %  d . e .  f o r  ( 1 R , 2S , 3 R ) -3 ,3 - [ (1R , 2S , 3 R ) -
b o rn a n e- 2 , 3 -d iox y] b o rn a n -2 -o l  wi th  s e l e c t i v i t i e s  t h a t  c o r r e l a t e  
w i t h  t h e  s i z e  o f  t he  a l k yl  g r o u p  i n  t he  e s t e r  m o i e t y.   T r a p p i n g  o f  
t h e  e no l a t es  ge n e ra t e d  f r om  ( 1 R , 2S , 3R ) - 2 , 2 - [ ( 1R , 2 S , 3R ) - b o rn a ne -
2 , 3 - d i ox y] bo r n an -3 - yl  p r o p a no a t e  a f fo r d ed  bo th  E -  and  Z - s i l yl  
k e t en e  a c e t a l  d e r iv a t iv e s  i n  t h e  r a t i o  o f  64 :3 6  co nf i rm in g  t he  
f o rm a t io n  o f  bo t h  po ss ib l e  en o l a t e  s t r uc t u r e s  du r i n g  en o l i z a t i on .  
 
C h i r a l  a ux i l i a r i e s  c o n t a i n i n g  a  h em iam in a l  e th e r  b lo c k in g  g r o u p  
a s  w e l l  a s  t w o  c h i ra l  a l co ho l s  c on t a i n i n g  m on o t h i o -k e t a l  b l o ck i n g  
g r o u ps  h av e  a l so  b e e n  s yn t h es i s ed .   α - Be nz yl a t i o n  o f  t h e i r  
c o r r es po nd in g  p rop a no a te  e s t e r s  a f fo r d ed  th e  a l k yl a t ed  p ro du c t  
w i t h  d i sa pp o i n t i n g ly  l o w  d i a s t e r eo s e l ec t i v i t i e s .   
 
A s ym m et r i c  r e du c t i on  o f  α - k e t o  e s t e r s  a t t ac h ed  t o  ( 1R , 2 S , 3R ) -
2 , 2 - [ (1 R , 2 S , 3R ) -b o r n a n e- 2 , 3 -d iox y] b or n a n -3 -o l  an d  (1R , 2S , 3 R ) -
3 , 3 - [ (1 R , 2 S , 3R ) -b o r n a n e- 2 , 3 -d iox y] b or n a n -2 -o l  wi th  m et a l  
h yd r i d es  p ro ceed ed  wi th  s e l e c t i v i t i e s  o f  up  t o  30  % d . e .   
 iii
M od e l l i n g  o f  t h e  k e to  es t e r  d e r i va t iv e s  a t  D FT  l e v e l s  p ro v i d ed  
u s e fu l  i n s i gh t s  i n to  p o ss i b l e  co n fo rm at io ns  ad o p t ed  b y t h e  t w o  α -
k e t o  e s t e r s  a nd  he n c e  t h e  p re f e r r ed  f a c e  o f  a t t a c k  b y m e t a l  
h yd r i d e  d u r in g  r edu c t io n .  
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1.  INTRODUCTION 
 
T h e  m ajo r i t y  o f  o r ga n i c  c om po un ds  m an u f a c tu r e d  fo r  u s e  a s  
m e d i c i n es  po s s e s s  a t  l e a s t  on e  c h i ra l  c e n t r e  a nd  m a y t h e r e fo r e  
ex i s t  i n  m o re  t ha n  o n e  s t e r eo i so m e r i c  f o rm .   W h en  t he s e  d i f f e r en t  
s t e r e o i som e rs  r e ac t  wi t h  b io - m ol e cu l es  s uc h  a s  e nz ym e s  o r  
r e c e p t o r s  w i t h i n  t h e  bo d y,  t h e y a r e  l i k e l y t o  s h o w d i f f e r en t  
b i o l o g i c a l  a c t i v i t y .   F o r  ex a m pl e ,  i n  t h e  c as e  o f  t h e  h yp e r t en s i ve  
a ge n t  α -m et h yl d o pa  ( F i gu r e  1 ) ,  a l l  t h e  a c t i v i t y  r e s i d es  i n  t h e  L -
e n a n t i om e r . 1   In  p r op ox yp h e n e ,  a l t ho u gh  bo t h  ena n t io m er s  
D a r vo n  an d  N ov ra d  ( F i gu r e  1 )  h av e  us e fu l  ac t i v i t i e s ,  t he i r  
p r op e r t i e s  a r e  d i f fe r e n t   ( Da r vo n  i s  a n  an a l ges i c  a nd  N o vr a d  
p os s es s e s  a n t i t u s s i v e  p r op e r t i e s ) . 2    
 
M o r eo v er ,  w h i l e  o n e  s t e r e o i s ome r  m a y e x h i b i t  b e n e f i c i a l  
a c t i v i t i e s  t h e  o t he r  m a y b e  p o s i t i v e l y h a r m f u l  –  a  s i t u a t ion  
t r a g i c a l l y  o b s e r v ed  wi t h  t h e  u s e  o f  r a c em i c  t h a l i do mi d e .   Th e  
t e r a t o ge n i c  e f fe c t  o f  t h a l i d omi d e 3 , 4  h a s  be e n  a t t r i b u t ed  t o  o ne  
e n a n t i om e r  [ (S ) - t ha l i do mi de ] ,  wh i l e  t h e  o th e r  [ ( R ) - t h a l i do mid e]  
h a s  t h e  i n t e nd e d  e f f e c t  o f  c u r i n g  m o rn i n g  s i c kn e s s .  
 
S t e r eo c on t r o l  i n  s yn t h e s i s  i s  t h e r e f o r e  o f  g r e a t  i m p o r t a n c e  and  
c o ns t i t u t es  t he  b a s i c  c h a l l e n ge  i n  as ym m e t r i c  s yn t h e s i s . 5  
 
HO
HO
CO2-
CH3
NH3+
L-methyldopa
Ph
Darvon
OCOEt
Ph
Novrad
N(CH3)2
Ph
Ph
OCOEt
Ph
N(CH3)2
Ph
 
 
F i g ur e  1 :  St r u c tu r e s  o f  s e l e c t e d  ch i r a l  co mp ou nds   .
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In  o n e  w id e l y- u s e d  a p pr o a ch ,  a  ch i ra l  aux i l i a r y i s  i n i t i a l l y  
a t t a ch ed  t o  t h e  p roch i r a l  su bs t r a t e  l e ad in g  t o  ch i r a l  i n duc t i on  i n  a  
s ub s eq u en t  r e a c t i on .  Th e  aux i l i a r y i s  r e mo v ed  o n c e  t h e  n ew 
c h i r a l  c en t re  h a s  be e n  ge n er a t e d  ( F i gu r e  2 ) . 6  
 
 
Prochiral
substrate
Chiral 
auxiliary
Prochiral
substrate
+
React prochiral substrate
to create a chiral center(s)
Modified
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Fi g ur e  2 :  G e n e r a l  pa t h  f o r  t h e  u s e  o f  a  ch i ra l  a ux i l i a r y i n  
a s ym m e t r i c  s yn t h e s i s  
 
C hi r a l  a ux i l i a r i e s  a r e  t yp i c a l l y  n a t u r a l l y- o c c u r r i n g ,  
e n a n t i om e r i c a l l y  p u r e  c om po un ds  o r  t h e i r  d e r i va t i ve s .   S u c h  
c o m p ou nd s  i nc l u de  a mi no  a c i d s ,  a s c o rb i c  a nd  t a r t a r i c  a c i d  
d e r i v a t i v es ,  t e rp e ne s ,  s t e r o i ds  an d  m on os a c ch a r i d e  d e r i va t i ve s ,  
a n d  co ns t i t u t e  t h e  s o - c a l l ed  c h i r a l  poo l . 7    N um e ro us  o th e r  c h i r a l  
a ux i l i a r i e s  ha v e  b e e n  d e v e lo p ed  a n d  s u c c es s f u l l y  u s ed  in  
a s ym m e t r i c  t r an s fo r ma t i ons .   Ex am pl es  i nc lu d e  h yd r az on es , 8  
c a m ph or  s u l t am , 9  ox az o l i ne s , 1 0  b i c yc l i c  l a c t a ms , 1 1  
ox az o l id in on es , 1 2  an d  imi d az o l id in on es . 1 3   
 
F o r  ex am pl e ,  ( - ) -β - p i n en e  1 ,  a  c h i r a l  a ux i l i a r y f r o m  t h e  c h i r a l  
p o o l ,  h as  b e e n  u s e d  a s  a  c h i r a l  aux i l i a r y i n  t h e  as ym met r i c  
r e d u c t i on  o f  k e to ne s  t o  g i v e  o p t i c a l l y  a c t i ve  a l co ho l s  ( S ch em e 
1 ) . 1 4  H yd r o s i l yl a t i o n  o f  ( - ) -β -p in en e  1  w i th  m eth yl d i ch lo ros i l an e  
ga v e  t h e  c o r r es po nd i n g  o p t i c a l l y  a c t i v e  c h l o r os i l an e  2  w h ic h  w a s  
fu r t h e r  r ed u c ed  w i th  LA H  to  fu rn i s h  ch i ra l  aux i l i a ry 3 .    
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T h e  p r o ch i r a l  k e t on e  w as  a t t a ch ed  to  t h e  c h i r a l  a ux i l i a r y 3  a n d  
r e d u ce d  us in g  th e  W i l k i ns on  ca t a l ys t 1 5  t o  a f f o r d  t h e  c h i r a l  s i l yl  
e t h e r  4 .   F i n a l l y ,  r e mo v a l  o f  t h e  ch i r a l  a ux i l i a r y,  w h i ch  c a n  be  
r e u s ed ,  a f f o r ds  t h e  r e q u i r ed  a l c oh o l  5  i n  mo d era t e  en an t i om er i c  
ex c e s s .     
      
CH3SiCl2H
H2PtCl6
SiCH3Cl2
LAH
SiCH3H2
1 2 3
CH3CCH2CH2CH2CH3
(Ph3P)3RhCl
SiH(CH3) O C
CH3
(CH2)3CH3CH3OK-CH3OH2 + CH3C
CH2(CH2)2CH3
H
OH
45
*
O
a.
b.
H
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M e ye r s  e t  a l . 1 6  h av e  e m p l o ye d  t h e  ch i ra l  ox az o l i n e  7  a s  a  c h i r a l  
a ux i l i a r y f o r  t h e  s yn t h e s i s  o f  2 -m et h yl a l k a no i c  a c i ds  1 0 .  T h e  
c h i r a l  co m p ou nd  7 ,  p r e pa r e d  f rom  t he  r e a d i l y  a v a i l ab l e  ( 1 S , 2 S ) -
( + ) - 1 -p h en yl - 2 - amin o -1 ,3 - p r op a n ed io l  6  ( S ch em e  2 ) ,  w as  
a l k yl a t e d ,   p r od uc i n g  th e  ox az o l i ne  8  i n  9 2 -9 5  % yi e l d s .   
H yd r o l ys i s  o f  t he  ox az o l in e  8  i n  a q u eo us  h yd r o c h l o r i c  ac id  
p r od u c ed  th e  ( S ) -2 -m et h yl a l k a no i c  a c id s  10  w i t h  a n  op t i ca l  p u r i t y  
o f  67  % a s  w e l l  a s  m e t h ox y a m i n o  a l co ho l  9 ,  wh i ch  m a y b e  
r e c yc l e d  as  t h e  c h i r a l  a ux i l i a r y.    
Introduction  N. Skiti-Mama 4 
1. CH3CH2C NH
2. NaH, CH3I
C
N
O
CH3
H H
6 7
1. LDA
2. RI
C
N
O
H3CO
CH3
H R
8
H+
Ph
HO
H
H
H2N
9
+
C C
O
OH
R
H
H3C
10
Recycled
Ph
H
CH2OH
HH2N
HO
Ph
H3CO
Ph
CH2OCH3
OCH2CH3
    Scheme 2  
 
T h es e  ox az o l i n es  ha v e  a l s o  b e e n  u s ed  i n  t h e  s yn t h e s i s  o f  c h i ra l  
e s t e r s ,  a l co ho l s ,  l ac t on es  an d  d i h yd r o p yr i d in e s . 1 7  
 
E l i e l  e t  a l . 1 8 ,  1 9  u t i l i z e d  t h e  1 ,3 - ox a t h i a n e  13  a s  a  c h i ra l  a ux i l i a r y  
i n  t h e  s yn t h es i s  o f  (R ) – ( - ) -m e v a l o l a c t on e  2 0 ,  wh i c h  i s  t he  
b io ge n e t i c  p re c u rso r  o f  t e rp e n es  an d  s t e r o id s .   T h e  ox a t h i an e  13  
f o rm e d  f rom  ( + ) -p u l e go n e ,  a  c h i r a l  aux i l i a r y f r o m  t h e  ch i r a l  po o l ,    
w a s  c on v er t ed  t o  t h e  a l co ho l  1 4 ,  w h ic h  o n  ox i da t i on  b y  S w e rn ’s  
m et ho d 2 0  a f fo r d ed  t h e  c o r re sp on d i n g  k e to n e  15 .   A lk e ne  1 6  w as  
o b t a i n ed  b y t r e a t me n t  o f  k e to ne  1 5  w i th  v i n yl m a gn es iu m 
b r omi d e .  T h e  a dd i t i on  o f  s i l v e r  n i t r a t e  t o  t h e  a l k e n e  f o l l o we d  b y  
LA H  r e d u c t i on  fu rn i s h ed  t h e  d i o l  17  a n d  t h io l  1 2 .   Us in g  a  f e w  
s im pl e  ch e mi c a l  t r a n s fo rm at io ns ,  t h e  d io l  1 7  w as  c on v er t e d  t o  t h e  
d e s i r ed  (R ) - ( - ) -m e va l o l a c t on e  20  (S che m e  3 ) .  
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O t he r  ex am pl es  o f  w i d e l y- u s e d  c h i r a l  a ux i l i a r i e s  a r e  (S ) - ( - ) - 1 -
a mi no - 2 -m et hox ym e t h yl p yr r o l i d in e  (SA MP )  a nd  (R ) - ( + ) -1 - am i n o -
2 - me th ox ym e t h yl p yr ro l i d im e  (RA MP ) .    
 
 
  
N OCH3
NH2
SAMP
N
NH2
RAMP
H3CO
 
 
 
T h es e  ch i ra l  a ux i l i a r i e s ,  wh i ch  wer e  i n i t i a l l y  d e v e lo p ed  b y  
E n de r s , 2 1  h av e  b ee n  u se d  in  C - C  bo n d  fo rmi n g  r e a c t i on s  v ia  
m e t a l l a t ed  h yd r a z o n e  e no la t e  eq u i va l e n t s .   Fo r  ex am pl e ,  t he  
c h i r a l  k e t o ne  2 4  h a s  b ee n  s yn t he s i s ed  u s in g  R AM P/S AMP 
h yd r a z on es  wi t h  goo d  e n an t io s e l e c t i v i t y  ( >  9 7  % e . e . ) . 2 2   
 
In i t i a l l y ,  t h e  h yd r a z o n e  d e r i v a t i ve  22  o f  t h e  k e t on e  21  i s  f o rm e d .   
A l k yl a t i o n  o f  i t s  l i t h i um  az a - e no l a t e  r e su l t s  i n  t h e  fo rm at io n  o f  
t h e  i n t e rm e d i a t e  2 3 .   R em ov a l  o f  t h e  ch i r a l  aux i l i a ry,   w h ich  ca n  
b e  r ec yc l e d ,  a f f o r ds  t h e  r eq u i r ed  ch i r a l  k e t on e  (S ch em e  4 ) .  
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O t he r  t r ans f o rm at io ns  i n  w h i c h  R AMP/ SA MP  h a v e  b een  u t i l i z ed  
a s  ch i r a l  a ux i l i a r i e s  i n c l ud e  a l d o l  co nd e ns a t io ns ,  M i c h ae l  
a d d i t i o ns  an d  Di e l s - A ld e r  r e a c t io ns . 2 3  
 
R e c en t l y ,  S A MP - hyd r a z o ne s  h a v e  b ee n  us e d  in  t h e  asym m e t r i c  
s yn t h e s i s  o f  α - ( he t e r o a r yl ) a l k yl a m i n es . 2 4   T h es e  com p ou n ds  p l a y 
a  c r u c i a l  r o l e  a s  t h e y a r e  c h a r ac t e r i s t i c  m ot i f s  i n  b io a c t i v e  
n a tu r a l  p ro du c t s . 2 5   
 
T h e  1 ,2 - a dd i t i o n  o f  l i t h i a t ed  h e t a re n e  ( H e t Ar Li )  t o  t h e  C-N 
d o ub l e  bo nd  o f  t he  S AMP - h yd r a z on e  d e r i v a t i v e  2 5  r e s u l t ed  i n  t h e  
h yd r a z i n e  26 .   R e co v e r y o f  t h e  c h i r a l  a ux i l i a r y w a s  a ch i e v ed  b y  
r e f l ux i n g  t h e  h yd r az i n e  wi t h  a  l a r ge  ex c es s  o f  B H 3 .T H F 
c o m pl ex . 2 6  Th e  c o r r e s po nd i n g  p o l a r  am in es  w e r e  no t  i so l a t e d ,  b u t  
d i re c t l y  p r o t e c t e d  w i t h  Cbz Cl  t o  a f fo r d  t h e  c a rb am at e s  2 7  w hi ch  
c o u l d  b e  e as i l y  p u r i f i e d ,  w i t h  d . e .  g r ea t e r  th a n  90  %  (S ch e m e  5 ) .  
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T h e r e  a r e  a  numb e r  o f  r eq u i r em en t s  fo r  a n  e f fe c t i ve  c h i r a l  
a ux i l i a r y:  2 7 , 2 8  
 
1 .  I t  s h o u ld  be  av a i l ab l e  i n  b o t h  e na n t iom e r i c  fo rm s ,  t o  p e rm i t  
s e l e c t i v e  s yn t h es i s  o f  e i t h e r  en a n t i om er i c  p ro du c t ;  
2 .  I t  m u s t  i n du c e  h i gh  s t e r eo s e l e c t i v i t y;  
3 .  I t s  d e r iv a t i v es  s hou ld  p r e f e r ab l y b e  c r ys t a l l i n e  t o  f ac i l i t a t e  
p u r i f i c a t i o n  o f  t h e  d i as t e r eo m er i c  p r od u c t s ;  
4 .  C l e a v a ge  o f  t h e  ch i r a l  aux i l i a r y s h ou l d  a f fo r d  t h e  r e qu i r e d  
e n a n t i om e r  in  h i gh  y i e l d ;  a nd  
5 .  T h e  c h i r a l  aux i l i a ry  s h o u l d  b e  r e co v era b l e .  
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1.1 Chiral  auxiliaries  derived from camphor and 
its  derivatives   
 
D u e  t o  t h e  i nh e r en t  r i g id i t y  o f  i t s  b i c yc l i c  sk e l e t on  a n d  i t s  
av a i l ab i l i t y  i n  b o t h  en an t io m er i ca l l y  p u r e  fo rms ,  c am pho r  2 8  h as  
f o un d  ex t e ns i v e  u s e  a s  a  c h i r a l  aux i l i a r y. 2 9   P ro ch i ra l  su bs t ra t es  
c a n  r e ad i l y  b e  a t t ac h e d  b y v a r i o us  me a n s  t o  t h e  C - 2 ,  C - 3  an d  C -
1 0  p os i t i o ns .   
 
T h e  s t e r eo d i r e c t i n g  p o t en t i a l  o f  c am ph o r  c a n  fu r t h e r  be  i mp ro v ed  
b y i n t ro du c i n g  v a r i ou s  g ro up s  d i r e c t l y  o r  i n d i r e c t l y  a t  C - 2 ,  C -3 ,  
C - 8 ,  C -9  a nd  C -1 0 . 3 0 , 3 1 , 3 2 , 3 3    
 
 
28a 28b
O O
 
 
1.1.1  Camphor as a chiral  auxiliary 
 
C am ph o r  ha s  b e en  u s ed  a s  a  c h i r a l  a ux i l i a r y f o r  t h e  s yn t h e s i s  o f  
γ - n i t r o a l ka no i c  a c i d s  3 1  w i th  r e as ona b l e  d i a s t e r e os e l e c t iv i t y . 3 4  
T h e  re a c t io n  o f  t h e  l i t h iu m e no l a t e  o f  t h e  m eth yl  ke t on e  2 9  
d e r i v ed  f r om  c amp h or  2 8  w i t h  n i t r o  o l e f i n s  r e su l t ed  i n  t he  
M i ch a e l  a dd u c t s  3 0 .   Th e  ox i d a t i ve  c l e a va ge  o f  t h e  a c yl o i n  
m oi e t y p r o v id e s  γ - n i t ro a l k an o i c  a c id s  31  a l on g  w i t h  c a m p ho r  
( S ch em e  6 ) .   
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C am ph o r -d e r iv e d  im in es ,  i n i t i a l l y  d e v e lo p ed  b y  M c In t os h , 3 5  h av e  
a l so  b e en  us e d  as  c h i r a l  aux i l i a r i e s  i n  a s ym m e t r i c  a lk yl a t i o n  
r e a c t i ons .  As ym m et r i c  a l k yl a t i on  o f  t h e  t e r t - bu t yl  g l yc i n a t e  i min e  
d e r i v a t i v e  32  wa s  p ro po s ed  to  o c c u r  v i a  t h e  Z - e no l a t e  
i n t e rm ed i a t e  3 3  i n  w h ic h  t h e  Li  c o u n te r - io n  co or d i n a t es  w i t h  b o t h  
t h e  ox yge n  a n d  n i t r o ge n  a t om s ,  he n c e  p e rm i t t i n g  a t t a ck  f r om  th e  
R e - f a c e  yi e l d i n g  t he  ( R ) - a l k yl a t e d  p ro du c t  34  w i th  h i gh  
s t e r e os e l e c t iv i t y  ( S c he m e 7 ) . 3 6  A l kyl a t i on  r ea c t io ns  h a v e  a l so  
b e e n  c a r r i ed  o u t  on  r e l a t ed  b e nz yl a mi n e- d e r iv e d  i mi ne s  ( 3 6 -9 0  % 
d . e . ) . 3 7  
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O t he r  t r an s fo rm at io ns  i nv o l v i n g  t he  u s e  o f  c am ph o r - d e r i v ed  
i min e s  as  ch i ra l  a ux i l i a r i e s  i n c lu d e  as ym m e t r i c  a l l yl a t i on  
r e a c t i ons  ( 6 - 90  %  d . e . ) 3 8  a n d  a s ym m e t r i c  a l do l  r e a c t i on s  ( 14 -70  
%  d . e . ) 3 9  
 
C am ph o r  h as  r e c en t l y  b e e n  us ed  as  a  c h i r a l  aux i l i a ry  i n  t h e  
a s ym m e t r i c  s yn t h es i s  o f  t e rmi n a l  hom o al l yl i c  a l c oh o l s  v i a  a l l yl  
t r an s f e r  r e a c t i on s  o f  a  c am p hor  d e r i va t i ve  wi th  h i gh  
en an t i o s e l ec t i v i t y . 4 0  
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1.1.2  Camphor-derived sulfonamides as  chiral 
auxil iaries 
 
C am ph o r -b as e d  su l f on am id es   3 5a  a n d  35 b ,  d e v e lo p ed  b y  
He lm chem, 4 1 , 4 2  h av e  b ee n  u s e d  as  c h i r a l  a ux i l i a r i e s  i n  t h e  
a s ym m e t r i c  s yn t h es i s  o f  ch i r a l  c a rb ox yl i c  a c i ds . 4 3   A lkyl a t i on  o f  
p r op io n a t es  o f  t h ese  s h i e l de d  en do -  and  e x o - a l c oh o l s  w i th  v a r i ou s  
o r ga n o co pp e r  r e a ge n t s ,  f o l l ow e d  b y  s ap on i f i c a t i on  fu r n i sh ed  
c a r b ox yl i c  a c i ds  36  i n  99  %  e . e .  a nd  t h e  r e co ve r y o f  t h e  c h i r a l  
a ux i l i a r y 3 5 .    
 
In  t h e s e  s ys t e m s ,  t h e  s u l fo n am i d e  m oi e t y w a s  p r o v en  t o  a c t  a s  a  
s h i e l d i n g  g r o up  a s  w e l l  a s  a  c a t i on  c o or d i n a t i on  s i t e  f o r  t h e  
e n o l a t e  i n t e rm ed i a t e .  
 
OH
N SO2Ph
Ar
35a
N SO2Ph
Ar
35b
Ar  =
CH3
CH3
R1
R2
CO2H
36
OH
 
 
T h es e  c h i r a l  a ux i l i a r i e s  h av e  a l s o  b e en  e m p l o ye d  i n  t h e  
a s ym m e t r i c  s yn t h e s i s  o f  ch i ra l  a l c oh o l s . 4 4 , 4 5  
 
C omm erc i a l l y  ava i l a b l e  su l f on am ides  3 7 a ,  3 7b  a nd  37 c  w e r e  
i n i t i a l l y  s yn t h e s i s ed  b y O p p o lz e r  e t  a l . 4 6  i n  t w o  s i mp le  s t e p s  f rom  
1 0 - c amp ho r su l f on ic  a c id .   A l co ho l  3 7 a  h as  b ee n  u s ed  in  t he  
p r e p ar a t i o n  o f  e n an t i om e r i c a l l y  p u r e  h a l oh yd r i ns  an d  t e rm in a l  
e p ox id e s  wh i ch  a re  v e r s a t i l e  c h i r a l  b u i ld i n g  b lo c ks  i n  o r ga n i c  
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s yn t h e s i s .
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A c yl a t i o n  o f  a l coh o l  3 7a  f o l l o w ed  b y  k i n e t i c a l l y- c o n t r o l l e d  
d e p ro t o na t io n  w i t h  LD A / M e 3 S i C l  fu r n i s h ed  t h e  s i l yl  k e t ene  a c e t a l  
3 8  wh ic h  w as  t h en  t r e a t e d  w i th  N -b ro mo su cc i n im id e  t o  yi e l d  t h e  
α - b r om o e s t e r  3 9 .   R e du c t io n  o f  t h i s  e s t e r  w i th  C a (BH 4 ) 2  r e s u l t e d  
i n  t h e  r e co v er y o f  t h e  ch i ra l  aux i l i a r y  a s  w e l l  a nd  h a lo hyd r i n  4 0 .   
T h e  e pox i d e  41  was  o b t a i n ed  b y c yc l i z a t i o n  o f  h a lo a l co ho l  40  
w i t h  N a OM e  i n  98  %  e . e  (S ch e m e  8 ) .   Th e s e  r e a c t i on s  a r e  
p r op os e d  t o  o c c ur  v i a  a t t a c k  o f  e l ec t ro ph i l i c  h a l o ge n  f r om  t h e  
l e s s  h in d e re d  C
α
- Re - f a c e .   T h i s  r e a c t i on  h as  a l s o  b e en  u s ed  f o r  
t h e  p r e p a ra t i on  o f  α - a mi no  ac id s  i n  ne a r l y  9 8  %  e . e . 4 8  
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S
N
OH
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O
1. RCH2COCl
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N
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Re
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#
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O
O
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H
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Bo r o n- m ed i a t e d  o r ga n o c op p er  1 , 4 - ad d i t i o n  r e ac t io ns  o n  α ,β -
u ns a tu r a t ed  c a rb ox yl i c  e s t e r s  o f  t he  a ux i l i a r i e s  37 a  a nd  37b  
r e s u l t ed  i n  t h e  fo rm at io n  o f  β - a l k yl a t e d  p ro du c t s  i n  9 5 -9 8  % 
e . e . 4 9   T h e  co n f i gu r a t io n  c a n  b e  r ev e r s ed  e i t he r  b y u s i n g  t he  
a n t ip od a l  aux i l i a r y ,  o r  b y i n t e r ch a n gin g  t h e  β - su bs t i t u en t  o n  t h e  
α ,β -u ns a t u ra t ed  e s t e r  a nd  t h e  a l k yl  g r o u p  o f  t h e  o r gan o co pp e r  
s p e c i es .   T h i s  r e a c t io n  h as  be e n  u se d  i n  t h e  s yn t h e s i s  o f  s ou th e rn  
c o r n  ro o t wo r m  ph er o m o ne .   D i e l s - Al de r  r e a c t i on s  o f  t he  a c r yl a t e  
e s t e r  o f  aux i l i a r y 3 7 c  ga v e  go od  s t e re o s e l e c t i v i t y ,  w i th  u p  to  7 7  
%  d . e . 5 0  
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T h e  k e t on e  d e r i v a t i v e  o f  c h i r a l  a ux i l i a r y 3 7 c  h as  r e ce n t l y  b e e n  
u s ed  i n  t h e  a s ym m et r i c  s yn t h es i s  o f  ( R ) - ( - ) - c a r n i t i n e , 5 1  wh i ch  
p l a ys  a n  i m po r t a n t  r o l e  i n  t h e  β -ox ida t i on  o f  f a t t y  a c i d s  a nd  i n  
m et a bo l i c  p a t hw a ys .   
 
K e t a l i z a t i o n  o f  t h e  k e t on e  s u l ph on a mid e  42  wi t h  g l yc e r o l  
a f f o rd e d  o n l y o n e  s p i ro -k e t a l  43  o f  t h e  f ou r  p o ss i b l e  
s t e r e o i som e rs  (S c he m e  9 ) .   M es yl a t i on  wi th  MsCl  f o l l owe d  b y t h e  
a d d i t i o n  o f  t r i me thyl a m i n e  yi e l d ed  c om po un d  4 4 .  A c i d  hyd r o l ys i s  
r e s u l t ed  i n  t h e  r eco v er y o f  t h e  ch i ra l  a ux i l i a r y f o r  f u r th e r  
s yn t h e s i s  a s  w e l l  a s  ( 2 , 3 -d ih yd r ox yp r o p yl ) t r im e t h yl a m mo niu m 
m e s yl a t e  4 5  i n  9 9  %  e . e . ,  w h i ch  w as  t h e n  fu r t h e r  c onv e r t e d  i n  
t h re e  s t e ps  t o  c a rn i t i n e  46 .  
 
I t  w a s  c on c lu d ed  th a t  i t  i s  t h e  h yd r oge n  b on d  b e t w e en  t h e  f r e e  
O H  gr o up  i n  t he  ac e t a l  43  an d  t h e  su lp ho n ami d e  mo i e ty ,  r a t h e r  
t h an  a  po ss i b l e  s t e r i c  f a c to r ,  w h ic h  d r i v es  t h e  r e a c t io n  
s t e r e o ch em is t r y.  T h e  bu lk i n es s  o f  t h e  s u l ph on am id e  m oie t y p l a ys  
a  s e co nd a r y r o l e .  
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S
N
O
O
44
O
O
HCl
NMe3OMs
Me3N OH
OH
45
Me3NH
OH
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46: Carnitine
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T h e  c h i r a l  aux i l i a ry  4 2  h a s  a l s o  b ee n  u s ed  i n  t h e  e n an t ios e l e c t i v e  
s yn t h e s i s  o f  (2 S ) - 1 - b e nz yl ox y- 2 , 3 - p r op a n ed io l  an d  ( 2R ) -1 - am in o -
2 , 3 - p ro p an ed io l 5 2  a s  w e l l  a s  t h e  s yn t he s i s  o f  α - ami no  ac id s 5 3  w i th  
go o d  s e l e c t i v i t y .   T h e  l a t t e r  w e r e  o b t a i n ed  f rom  g l yc i n e  t -b u t yl  
e s t e r  t h r ou gh  S ch i f f  b a s e  47  d e r i v ed  f r om  ( + ) -N - a l k yl - 1 0 -
c a m ph or su l f on a mide s .  
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SO2NHR
N
47
CO2But
 
 
1.1.3 Camphor-derived chiral  auxi l iaries  with 
ether blocking groups 
 
C am ph o r -d e r iv e d  e t h e r s  48 a ,  4 8b ,  a nd  4 8 c  d ev e lo pe d  b y  O p po lz e r  
h a v e  b e en  u se d  a s  c h i r a l  a ux i l i a r i e s  i n  Di e l s - Al d e r  r e a c t i on s . 5 4   
 
48b
O
OH
But
48c
O
HO
But
48a
OH
O Bu
t
 
 
W h e n  t h e  a c r yl a t e  e s t e r s  o f  t h es e  a l c oh o l s  w er e  r e ac t e d  wi t h  
c yc l o p e n t a d i en e  i n  t h e  p r e s e n t  o f  a  Le w i s  a c i d  (S ch e m e 1 0 ) ,  t h e  
p r od u c t  w a s  o b t a in e d  w i th  97  %  s t e r eo s e l e c t i v i t y  ( T a b l e  1 ) .  
R e du c t io n  o f  t h e  D i e l s - Al d er  p r od u c t  fu r n i s h ed  t he  a l co ho l  
p r od u c t  a s  w e l l  a s  t h e  ch i r a l  aux i l i a r y.  
 
ROH*
OR*
Lewis acid
49
50
-ROH*
ROH   =  48a - 48c*
COOR*
51
OH
(R)
(S) (S)
(R)
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T abl e  1 :  D i e l s - Al d e r  r e ac t i o ns  u s i n g  c am ph or - d e r i ve d  e s t e r s  
4 8 a- 48 c .  
 
C h i r a l  
a ux i l i a ry  
Y i e ld  o f  5 1  
    (% )  
e n do : ex o  
   r a t io  
En do -addu c t  
co nf igu r a t ion  
En do -addu c t  
      d . e .  (% )  
 
4 8 a  
 
9 5  
 
6 :4  
        
       S  
        
      97  
 
4 8b  
 
9 6  
 
9 6 : 4  
        
       R 
       
     > 99  
 
4 8 c  
 
9 8  
 
9 5 : 5  
        
       S  
       
      >9 9  
 
 
U s i n g  mo d e l s ,  O pp o lz e r  w as  a b l e  t o  s ho w  t h a t  t h e  t e r t - bu t yl  
g r o u p  s t e r i c a l l y  b l o ck s  t h e  C
α
- R e  f a c e  o f  t h e  a c r yl a t e  e s t e r  
d e r i v ed  f rom  48 a ,  t hu s  on l y a l l o win g  a t t a ck  f ro m th e  C
α
-S i  f a ce .   
H e  a l so  p r op os e d  t h a t  t h e  i n c re a s e  i n  s e l e c t i v i t y  o b t a in e d  w h en  
a l c oh o l  48b  w as  us e d  o v e r  4 8a ,  w as  d u e  t o  t h e  f ac t  t h a t  t h e  10 -
m et h yl  g r o u p  on  th e  a ux i l i a r y 4 8 b  pu s h e d  t h e  e t h e r  cha i n  c l os e r  
t o  t h e  a c r yl a t e ,  t hus  m a k in g  i t  a  m or e  e f f e c t iv e  b lo ck in g  g r o u p .  
 
T a dd e i  a nd  co wo rk e r s 5 5  p r e p ar e d  t he  c a m p ho r -d e r i v ed  e t h e r  5 2  
a n d  u s ed  i t  a s  a  ch i ra l  aux i l i a r y i n  t h e  s yn t h e s i s  o f  ch i r a l  a l l yl  
a l c oh o l s  i n  80  %  en a n t i om e r i c  ex c es s .   
      
                                                     
  
SiMe2Cl
O Ph
52
    
R e c en t l y  1 0 - m et hox y- 1 0 , 10 - d ip h en yl - 2 - e x o - bo r n an o l  5 3  d e r i v ed  
f r om  c a m p ho r  h as  b e e n  u t i l i z ed  a s  a  c h i ra l  a ux i l i a r y i n  
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a s ym m e t r i c  ep ox id a t io n  r e a c t io ns . 5 6 , 5 7  Th e  t r e a t m e n t  o f  t h e  
ac r yl a t e  e s t e r  d e r i ved  f rom  th i s  aux i l i a r y w i th  an  ox id an t  
p r ov id e d  th e  co r r es po nd in g  e pox i d es  5 5  an d  56  i n  a  96 :0 4  r a t i o  
( S ch em e  11 ) .    T h e  h i gh  s t e r eos e l ec t iv i t y  o b t a in e d  w as  ex p l a i n ed  
u s i n g  X - r a y d i f f r a c t i o n  a n a l ys e s ,  w h i ch  sh o we d  t ha t  t h e  e n on e  54  
f a v ou r ed  th e  s - c i s  c on fo r ma t i on  l ea d i n g  t h e  m et h yl -
( t r i f l uo r om et h yl )  d i ox i r a n e  ( t he  ox id an t )  t o  ap p ro a ch  the  d o ub l e  
b o nd  f r om th e  l e s s  h in d er e d  to p  C
α  
–Re  f a c e .     
 
Ph
Ph
OCH3
OH
53
Ph
Ph
OCH3
O
54
O CH3
CH3
CH3O
CF3O
oxidant
Ph
Ph
OCH3
O
O CH3
CH3
56
+
Ph
Ph
OCH3
O
O CH3
CH3
55
OO
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D u a n  e t  a l . 5 8  a l so  u s ed  10 ,1 0 -d ip he n yl - 2 , 10 - c amp h an d i o l  5 7  a s  a  
c h i r a l  aux i l i a r y i n  a s ym m e t r i c  az i r i d i n a t i o n  r e a c t i on s  o f  i t s  e no ne  
d e r i v ed  a c r yl a t e  5 8  w i th  N - ami nop h t h a l i mid e  t o  g i v e  t h e  
c o r r es po nd in g  N -p h t h a l i mid o az i r i d in e s  59  a n d  6 0  w i th  
s e l e c t i v i t i e s  o f  u p  t o  9 5  %  d . e .  (S ch em e  1 2 ) .   T h e  r e a c t i on  w as  
p r op os e d  to  p ro c e ed  v ia  no n- c h e l a t i ng  c o n f o r m at i on a l  s t r uc tu r e ,  
w i t h  t h e  s - t ra ns  co n fo rm a t io n  f av or ed  f o r  α - s u bs t i t u t ed  e no n es  
r e s u l t i n g  i n  a t t a ck  b y  N - a c e t ox ya m i no p h t a l i m i d e  t o  o c cu r  f r om  
t h e  l e s s  h i nd e r ed  bo t t om  f a c e  (C α  r e - f a c e )  t o  f o rm  t h e  R - i s om e r .  
In  c o n t r as t ,  β ,β -d i s ub s t i t u t e d  en on es  f a v o re d  s - c i s  c on f o r m at io ns  
r e s u l t i n g  i n  t h e  fo rm at io n  o f  t h e  S - i s om e r .  
Ph
Ph OH
NaH
Cl
O
Ph
Ph OH
OH O
O
Ph
Ph OH
O
O
+
N
H NPth
Ph
Ph OH
O
O
N
H NPth
PthNNHOAc
57
58
59 60
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1.1.4 Camphor-derived chiral  auxi l iaries  with 
alkyl  and aromatic  blocking groups 
 
D u r i n g  t he  l a t e  1 98 0 ’s ,  c am ph o r - d e r i v e d  c h i r a l  a ux i l i a r i e s  wi t h  
a r om a t i c  b lo c k in g  g r o u ps  w e r e  d ev e lo p ed .   T a be r  e t  a l . 5 9  
s yn t h e s i s e d  th e  ch i r a l  a l co ho l  61 ,  w h i c h  i n c o r po r a t e s  a  n a ph t h yl  
b lo c k in g  g r o up  i n  t h e  b i c yc l i c  s k e l e t on .   T h e  s t e r eos e l e c t iv e  
h yd r i d e  r e du c t io n  o f  t h e  β - k e t o  e s t e r  d e r i v a t i v e  o f  c omp o un d  62  
r e s u l t e d  i n  c h i r a l  a l c oh o l s  6 3  o r  6 4  d e p e nd i n g  o n  th e  r e d u c i n g  
a ge n t  u s e d  (S c h eme  13 ) .    
 
T h e  e f f e c t  o f  t h e  n a ph th yl  g r o u p  w as  t o  b l o ck  on e  fa ce  o f  t h e  
c a r b on yl s  a n d  t h e  r e d u c t io n  p r o c e ed s  e i t h e r  v ia  t h e  t r an s i t i on  
s t a t e  i n  wh i ch  t h e  c a r b on yl s  a r e  s yn  [ Zn C l 2 / Zn ( BH 4 ) 2 ) ]  o r  v ia  t he  
a l t e r n a t i v e  t r a ns i t i on  s t a t e  i n  wh i c h  t h e  c a rb on yl s  a r e  a n t i  
( D ib a l / BHT ) .   Th i s  m e th od o l o g y h a s  b e e n  u se d  in  t h e  s yn t h es i s  o f  
( - ) - 5 -h ex a d e ca no l i d e 6 0  a nd  ( +) - i so n eon e p e t a l a c t on e . 6 1  
 
 
OH
61
Ar
H3CO
O O O
62
Ar O O
O
64
Ar
O
63
Ar O OH
O OH
Dibal/ BHT
ZnCl2,  Zn(BH4)2
4-DMAP
Ar = 1-naphthyl
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D e r iv a t iv es  s u ch  as  6 5  h av e  a l so  b e en  p r e pa r e d .   W h e n  e n o la t es  
d e r i v ed  f r om  t h ese  a ux i l i a r i e s  un d er go  a s ym m e t r i c  co n j u ga t e  
a d d i t i o n  wi t h  t he  Gi l m an  r e a ge n t  Li B u 2 C u ,  s t e re os e l e c t iv i t y  o f  u p  
t o  95  % d . e .  w as  ob s e rv e d . 6 2  
 
C am ph o r -d e r iv e d  aux i l i a r i e s  w i th  b e nz yl  b l o c k i n g  g r o ups ,  su c h  as  
6 6  h av e  a l so  b e en  syn t h e s i s ed ,  an d  t h e i r  a c r yl a t e  d e r i v a t iv e s  h a ve  
b e e n  r ep or t ed  t o  un d e r go  Di e l s - Al d er  r e a c t i on s  wi t h  u p  t o  82  % 
d . e . 6 3    
 
OH
Ar
65 66
Ar = phenyl
     = 1-naphthyl
OH
Ph
Ph
 
 
1.1.5  Camphor-derived oxazolidinones and 
oxadiazinones as chiral  auxiliaries 
 
In  t h e  l a t e  1 98 0 ’s ,  Smi th  e t  a l . 6 4  de v e lo pe d  a  c am pho r - d e r iv ed  
ox az o l id in on e  ch i r a l  aux i l i a r y 6 9  f r om  k e t op i n i c  a c i d  6 7 .    
Fu n c t io na l i z a t i on  o f  t he  o l e f in i c  m oie t y o f  t h e  2 - ox az o l on e  r i n g  
t o  a f fo r d  t h e  a n t i - p ro du c t s  70  a nd  71  p ro c ee d s  wi th  
s t e r e os e l e c t i v i t y  o f  u p  t o  90  % d . e .  (Sc h e m e  1 4  a nd  T a b le  2 ) .   
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HOOC O
67: ketopinic acid
+
O
O N P(OPh)2
O
68
O
O N
O O
69
O
O N
O O
70
O
O N
O O
71
R1 R2
R1 R2
+
NBS, MeOH
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R2 = OCH3
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T ab l e  2 :  D i as t e r e os e l e c t iv e  f u n c t io n a l i z a t i o n  o f  ( - ) - 3 -
k e to p in yl - 2 - ox az o lo n e  69  (S ch em e  1 4 )  
 
En try  R 1  R 2  R a t i o  
7 0 :7 1  
 
1  
 
B r  
 
O C H 3  
 
9 0 : 10  
 
2  
 
P hS e  
 
O C H 3  
 
8 8 : 12  
 
T h i s  m et ho d  h as  be e n  us ed  fo r  t h e  syn t h e s i s  o f  ( + ) - s t a t i n e  an d  
c h i r a l  β - a m i n o  a l c oh o l s . 6 5   
 
R ecen t l y ,  t h e  ca mph o r -d e r i ved  ox ad i az i no n e  ch i ra l  aux i l i a r y 7 5  
h a s  b e en  s yn t h e s i se d  a nd  u s ed  i n  a sym m e t r i c  a l do l  r ea c t i on s . 6 6   
T h e  co nd en s a t i on  o f  D - c a mp ho r  wi th  (1 R , 2 S ) - no r ep h ed r in e  72  
u s i n g  M o r r i s  a nd  R yd e r ’ s  m e t ho d 6 7  o f  i mi ne  f o r m at i on  yi e l d ed  
t h e  co r r es po nd in g  β - a m i no a l c oh o l  73 ,  w h i ch  w a s  n i t ro s a t ed  to  
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f o rm  β - h yd r a z i n oa l c oh o l  7 4 .   R e du c t io n  o f  7 4  f o l l o wed  b y t h e  
a d d i t i o n  o f  c a r b on yl d i im id az o l e  a f f o rd e d  t h e  d e s i r ed  
ox ad i az in on e  7 5 .   A c yl a t i o n  o f  75  w i t h  p ro pa no yl  c h lo r i d e  
y i e l d e d  N 4 -b o rn yl - N 3 - p ro p an o yl ox a d ia z i no ne  76 .   Th e  t i t an ium -
m e d i a t e d  as ym m e t r i c  a ld o l  r e a c t io n  o f  7 6  p ro c e ed e d
 
wi th  goo d  
d i as t e r eo s e l e c t i v i t i e s  (S ch em e  1 5  a nd  T a b l e  3 ) .  
OH
NH2
CH3
Ph + 28a
OH
N
CH3
Ph
H
NaNO2
OH
N
CH3
Ph
NO
72 73
74
1. LDA
2. CDI
O
N
CH3
Ph
N
75
O H
CH3CH2COCl
O
N
CH3
Ph
N
76
O O
1. LDA, TiCl4
2. RCHO
O
N
CH3
Ph
N
77
O O
R
OH
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T abl e  3 :   A s ym m et r i c  a ldo l  r e a c t i on s  o f  t h e  N 4 -
b o rn yl ox a d i az in on e  7 6  (S ch eme  1 5 )  
 
En try  R C HO Y i e ld  (% )  R a t i o  o f  ma j o r  (7 7)  
: mi n or  
 
1  
 
C 6 H 5 C HO 
 
8 0  
 
> 4 9 : 1  
 
2  
 
p -C lC 6 H 4 CHO 
 
6 7  
 
> 4 9 : 1  
 
3  
 
2 - C 1 0 H 7 C HO 
 
8 8  
 
> 4 9 : 1  
 
4  
 
( C H 3 ) 3 C CH O 
 
6 8  
 
> 4 9 : 1  
 
 
1.1.6 Camphor-derived oxazolidinones and 
imidazolidinone as  chiral  auxil iaries 
 
C am ph o r -d e r iv ed  ox az o l id in on e  7 8  h as  b e e n  s yn t he s i s ed  i n  
m ul t i p l e  s t e ps  f r om  k e t op i n i c  a c i d . 6 8   A l do l  r e a c t io ns  v ia  a  b o r o n  
e n o l a t e  o f  t h e  ox az o l i d i n on e  7 8a ,  sh ow e d  s t e r eo s e l e c t i v i t i e s  o f  up  
t o  99  % d . e .   
 
M e a nw hi l e  n on - Eva n s  a l d o l s  8 0  a nd  8 1  w er e  fo rm e d  w i t h  go od  
s t e r e os e l e c t iv i t y  v i a  t i t a n i um  en o l a t e  a l do l i z a t io n  r eac t i on s  o f  
c h i r a l  aux i l i a r i e s  7 8 a  ( r a t i o  o f  8 0 :81  =  9 3 : 7 )  a nd  78 b  ( r a t i o  o f  
9 9 : 1 )  (S ch e me  16 ) . 6 9    
 
In  t h e  l a t t e r ,  t h e  d i f f e r en c e  i n  s t e reo s e l e c t i v i t i e s  ex h ib i t ed  b y  
c h i r a l  aux i l i a r i e s  78 a  a nd  78b  w a s  a t t r i bu t e d  t o  t h e  f a c t  t h a t  t he  
t h i oc a r bo n yl  g r o u p  in  7 8b  h as  a  g r e a t e r  po t en t i a l  t o  co o rd in a t e  
w i t h  T i  t h an  th e  c a r b on yl  g r o u p  i n  t h e  ox az o l id i no n e  78 a .   
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M o r eo v er ,  t h e  t h i oc a r b on yl  g r o u p  i s  c o ns id e r ed  to  h a v e  a  s t r on g  
a f f in i t y  t o w a r ds  c o o rd i n a t i on  wi t h  t i t a n i um  ch l o r i de  in  t he  
t r an s i t i o n  s t a t e .  T h es e  r e a c t i on s  h a v e  b e en  us e d  i n  t h e  
a s ym m e t r i c  s yn t h es i s  o f  o p t i c a l l y  a c t i v e  e s t e r s  an d  ca r b ox yl i c  
a c i ds .   
 
N
H
O
X
X
78a
78b
O
 S
NaH, CH3COCl
N
O
XO79
N
O
X
81
N
O
X
80
OH
OH
1. TiCl4, EtN(i-Pr)2
2. RCHO
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R e c en t l y  C h e n  e t  a l . 7 0  h av e  s yn t h es i s e d  N - t o s yl p yr a z o l i d in on e  
a ux i l i a r y 8 1  f r om k e to p in i c  a c i d ,  a n d  u s ed  i t s  α - k e t o ami d es  
d e r i v a t i v e  8 2  s u c ce s s fu l l y  i n  a s ym me t r i c  a l l yl a t i o n  r eac t i on s  i n  
t h e  p r es e nc e  o f  Yb( O T f ) 3  t o  p r od u c e  t h e  c o r re sp on d i n g  a l c oh o l s  
8 3  an d  8 4  w i th  go o d  d i a s t e r e os e l e c t iv i t i e s  (u p  t o  92  %  d . e . )  
( S ch em e  1 7 ) .   A  f u r t he r  i n c r e as e  i n  s e l e c t i v i t y  ( u p  t o  1 00  %  d . e . )  
w a s  ob t a in ed  w he n  Sn ( OT f ) 2  w a s  e m pl o ye d  a s  Le w i s  a c i d .   
H o w ev e r ,  t h e  s en se  o f  s t e r eo i nd u c t io n  w as  r ev e r s e d  w h e n  th e  
r e a c t i on  w a s  c a r r i ed  ou t  i n  t h e  p re s enc e  o f  P dC l 2 .    
 
CH2=CHCH2Sn(C4H9)3, 
Lewis acid
NO
NH
Ts
base, RCOCOCl
NO
N
Ts
R
O
O
NO
N
Ts
+
O
HO R
NO
N
Ts
O
R OH
81 82
83 84
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Bo n n er  e t  a l . 7 1  h ave  d ev e lo p ed  an  ox a z o l id in on e  ch i r a l  a ux i l i a r y  
8 5  s yn t h e s i s ed  f ro m  c am ph o rq u in on e ,  a nd  u se d  i t  i n  a ld o l  
r e a c t i ons  v i a  l i t h ium  a n d  t i t an ium  ( Z ) - e n o l a t es  w h e r e  h igh  f a c i a l  
s t e r e os e l e c t iv i t i e s  w e r e  o b t a i n ed  ( up  to  96  %  d . e . )  (S c h em e  1 8 ) .    
 
Introduction  N. Skiti-Mama 28 
A l t ho u gh  t h e  l i t h ium  e n o l a t e  s h ow e d  g r e a t e r  s e l e c t i v i t y  t h an  t h e  
t i t an ium  e no l a t e ,  a  f u r t h e r  i nc r e as e  in  s t e r e os e l e c t iv i t y  ( u p  to  100  
%  d . e . )  w a s  ob ta ine d  i n  do ub l e  a s ym m et r i c  r e a c t io ns  u s i n g  c h i r a l  
a l d eh yd e s .  
 
 
NH
O
O
BuLi
CH3CH2COCl
N
O
O
85 86
O
LDA, t-BuCHO
         or
LDA, Ti[OCH(CH3)2]3Cl      
then t-BuCHO
N
O
O
87
O
OH
But
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W h e n  N - (p h en yl t h io m eth yl )ox azo l id ino n e  88 ,   a  m od i f i ed  f o rm  of   
8 5 ,  w a s  u s ed  in  l i t h iu m-m ed i a t ed  a l do l  r eac t io ns  u s i n g  th e   
C o re y- S e e b a ch  p roc e d u re , 7 2 , 7 3  t h e  r ea c t i on  p ro c e ed e d  w i t h  goo d  
s t e r e os e l e c t iv i t y .  T h e  r e a c t io n  w as  p r op os e d  t o  p ro c ee d  v i a  t h e  
i n t e rm ed i a t e  89 .   
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N
O
O
88
SPh O
N
O
Li
S
H
89
Ph
 
 
O n  t he  o th e r  h a nd ,  wh e n  th e  ox az o l i d i no ne  90  w a s  use d  a s  a  
c h i r a l  aux i l i a r y f o r  t h e  Le w i s  a c i d  p rom ot ed  D i e l s - Al d er  r e a c t i on  
t o  f o r m  a dd u c t  92  ( S ch em e  1 9 ) ,   s t e re o s e l e c t i v i t y  o f  up  t o  9 9  % 
w a s  o bs e rv e d . 7 4     
 
 
 
N
O
O
90
O
+
AlCl3
then, hydrolysis
91
R
CO2H92
R
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T h e  imi d azo l id in one  93  p r e p ar e d  f r om  c a m p ho r  h as  be e n  u s e d  i n  
a s ym m e t r i c  a lk yl a t i on  r e a c t i on s  w i th  h i gh  d i a s t e r eos e l ec t i v i t y . 7 5  
T h e  a l k yl a t i on  o f  i t s  a c yl a t ed  d e r i v a t iv es  v ia  N a - e no l a t e s  wi t h  
p r im a r y a l k yl  h a l ide s  r esu l t ed  i n  t h e  a l k yl a t e d  p ro du c t s  94 .   
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N
O
93
N
H
Ph
N
O
94
N
Ph
O
R1
R
 
1.1.7 Camphor-derived oxazinones and 
oxazolidine as chiral  auxil iaries 
 
T h e  c am ph o r - d e r i v e d  ox az i no n e  ch i r a l  a ux i l i a r y  9 5  h a s  be e n  
s yn t h e s i s e d  f rom  ke t op i n i c  a c id  a nd  u s ed  in  a ld o l  r e a c t i on s  wi t h  
ex c e l l en t  s t e r e os e l e c t i on  (9 8  %  d . e . ) . 7 6 , 7 7  As ym m e t r i c  b enz yl a t i o n  
o f  95  t o  f o rm  com po u nd  9 7  v ia  t h e  l i t h iu m eno la t e  a l s o  p ro ceed e d  
w i t h  h i gh  s t e r e os e l e c t iv i t y  ( 9 9 . 8  %  d . e . )  (S ch em e  2 0 ) . 7 8    T he  
r e a c t i ons  w e r e  p rop os e d  t o  p ro c e ed  v i a  t h e  (Z ) - en o l a t e  ( 9 6 ) ,  i n  
w h ic h  t h e  C
α -
R e  f a c e  i s  b l o ck e d  by  t h e  8 - m et h yl  g r o u p  t hus  
a l l o win g  a t t a ck  f r om  t he  C
α
-  S i  f a c e  on l y.  
N
O
O
O
95
LDA
PhCH2Br N
O
O
96
Li
O
#
N
O
O
O
97 CH2Ph
Ph-CH2-Br
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T h e  ox az o l i d i n e  ch i ra l  a ux i l i a r y 9 8 ,  h a s  b e en  s yn t h es i s e d  f rom 
c a m ph or  b y C o lom bo  e t  a l . 7 9  The  a c yl a t e d  d e r iv a t iv e  99  
u n de r go e s  G r i gn ar d  r ea c t i o ns  wi t h  h i gh  s t e r eo s e l e c t i v i t y ,  
a f fo rd in g  t h e  t e r t i a r y ca rb i no l s  1 00  a s  a  m ajo r  p r od u c t .   A f t e r  
h yd r o l ys i s  fo l l o w ed  b y r e d u c t io n  o f  t h e  i n t e r m ed i a t e  α - h yd r ox y 
a l d eh yd e s  1 01 ,  1 ,2 - d io l s  w e re  f o rm ed  w i th  > 96  %  e . e .  ( S ch em e  
2 1 ) .  
 
I t  w a s  ob s e r v ed  t ha t  i n c r e a s in g  th e  s t e r i c  b u lk  o f  b o t h  R  f r om  t h e  
a l d eh yd e  a n d  R ’  f ro m  t h e  G r i gn a rd  r ea ge n t s  d id  n o t  impr o v e  t h e  
d i as t e r eo s e l e c t i v i t y  o f  t he  r e a c t i on  (T a b l e  4 ) .   Th e  s e l e c t i v i t y  
w a s  a s c r i b e d  t o  t h e  r i g i d  s t ru c t u r e  o f  t h e  c h i r a l  a ux i l i a r y  a s  w e l l  
a s  t he  s t e r i c  b i a s  a r i s in g  f r om th e  t - Boc  g r o up .  
    
  
O
N
SnBu3
COOBut
1. BuLi, RCHO
2. periodinane
O
N
COOBut
98 99
R'MgX
O
N
COOBut
100
R
R'
1. t-BuOK
2. dil. HCl
R
R'
CHO
101
+
recovery of chiral auxiliary
OHOH
R
O
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T abl e  4 :  Y i e l ds  a nd  s t e r eo s e l e c t i v i t i e s  f o r  t he  p r e p a ra t i on  o f  
c a r b i no l s  1 00  ( S c he m e  2 1 )  
  
En try  R  R ’  O v e ra l l  
y i e ld  (% )  
D i as t e re o me r i c  
r a t i o  
 
1  
 
P h  
 
M e  
 
9 6  
 
> 9 8 : 2  
 
2  
 
P h  
 
E t  
 
9 2  
 
> 9 8 : 2  
 
3  
 
P h  
 
i -P r  
 
5 4  
 
> 9 8 : 2  
 
4  
 
M e  
 
P h  
 
8 5  
 
> 9 8 : 2  
 
5  
 
E t  
 
P h  
 
9 3  
 
> 9 8 : 2  
 
6  
 
i -P r  
 
P h  
 
7 7  
 
> 9 8 : 2  
 
     
1.1.8  Camphor-derived iminolactones as  chiral 
auxil iaries 
 
T h e  l a c t on e s  1 02 a  a n d  10 2b  h a v e  b e en  s yn t h es i z e d  an d  u t i l i z e d  as  
c h i r a l  a ux i l i a r i e s  i n  t h e  s yn t h e s i s  o f  α - ami no  ac id s . 8 0    
           
102a
N
O
H
H
O
H 102b
H
H
O
H
O
N
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A l k yl a t i o n  o f  t h e  i mi no l a c t on e  1 02 a  v i a  i t s  l i t h i um  e no l a t e  
a f f o rd e d  t h e  α - mo n osu bs t i t u t ed  p ro d uc t  10 3  w i th  ex c e l l en t  
d i as t e r eo s e l e c t i v i t i e s  ( >9 8  % )  (S c h em e  22 ) .   A c i d  h yd r o l ys i s  o f  
t h e  a l k yl a t e d  im in o l a c t on e s  fu r n i s he d  t h e  de s i r ed  D -α - a mino  
a c i ds  10 4  a s  w e l l  a s  t h e  k e t o  a l co h o l  1 05  w h i ch  in  a  f e w 
t r an s fo rm at io ns  cou ld  b e  re c yc l e d  t o  l a c t on e  10 2 .   
 
R e ve r s a l  o f  t h e  as ym m e t r i c  i nd uc t io n  w as  a c h i ev e d  f r om  th e  
i min o l ac t on e  10 2b ,  g i v in g  t he  L -α - ami no  a c i d  i n  goo d  e . e .  ( >  98  
% )  fo l l ow in g  t h e  sa m e  p ro c e du r e . 8 1  
102
N
O
H
H
O
H
1. LDA
2. RX
103
N
O
H
R
O
H
aq. HCl
105
+
HR
H2N
O
OH
104
O
H
OH
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T h es e  ch i r a l  aux i l i a r i e s  a r e  a t t r a c t i v e  f o r  t h e  fo l l o wi n g  re a s on s :  
 
a .  A  c yc l i c  s ys t e m  a l l o ws  f o r  a  m o r e  r i g id  t r an s i t i on  s t a t e ,  
w h i c h  c ou l d  e nh a nc e  t h e  s t e r i c  e f f e c t  o f  t h e  a ux i l i a r y  i n  
c o n t ro l l i n g  t h e  s t e re o c h emi s t r y o f  t h e  r e a c t i on .  
b .  La c t o n e s  g iv e  r i s e  t o  on l y t h e  Z - e no l a t e s ,  wh ic h  p r ov id e  a  
s in g l e  a lk yl a t ed  p ro d uc t .  
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c .  T h e  C 8- m eth yl  g r o u p  o f  t h e  c am ph or  s k e l e t on  c ou l d  b lo c k  
t h e  t op  f a c e  d u r i ng  t h e  a l k yl a t i on  s t e p ,  r e s u l t i n g  i n  go o d  
s t e r e os e l e c t iv i t y .  
d .  Bo t h  t h e  imi n e  an d  th e  l a c t on e  fu n c t i on a l i t i e s  can  b e  
h yd r o l ys ed  t o  fo rm t h e  ami no  ac i d  and  w i th  t h e  pos s i b i l i t y  
o f  r ec ov e r i n g  t h e  ch i ra l  a ux i l i a r y.  
 
1.1.9 Camphor-derived sul tams as  chiral 
auxil iaries  
 
O p po l z e r  e t  a l . 8 2  syn t h e s i s ed  th e  an t ip o da l  c amp ho r  su l t a m s  1 06a  
a n d  1 06b  f rom  c am ph o r - 10 - su l f on yl  c h lo r i d e .   T h e  e f f i c i e nc y o f  
t h es e  c om m e r c i a l l y  a v a i l a b l e  s u l t am s  a s  ch i r a l  aux i l i a r i e s  h as  
b e e n  d em on s t r a t ed  b y t h e i r  u s e  i n  a s ym m e t r i c  t r a ns fo r ma t i ons  
s u ch  a s  Di e l s - Al de r  r e a c t i o ns , 8 3 , 8 4  a l do l i z a t i on , 8 5  a lkyl a t i on , 8 6  
b r omi n a t i on , 8 7  an d  1 , 4 - a dd i t i on s . 8 8    
 
SO2
NH
106a
HN
SO2
106b
 
 
A l k yl a t i o n  r e ac t i ons  c a r r i e d  o u t  on  the  N - a c yl s u l t am  1 07  d e r iv e d  
f r om  10 6a  p r o ce ed e d  w i th  ex c e l l en t  d i a s t e r eo se l e c t i v i t i e s  ( > 99  
% ) . 8 9   T h e  r e a c t io ns  w e r e  p ro p os ed  to  o c cu r  v ia  t he  l i t h ium 
c h e l a t ed  (Z ) - en o l a t e s  10 8 ,  w i th  a lkyl a t i on  o c cu r in g  f r o m  t h e  
b o t tom  f a c e ,  o pp os i t e  t o  t h e  n i t ro ge n  lo n e  p a i r  o f  e l e c t r ons .   
Ba s e - c a t a l ys e d  h yd r o l ys i s  o f  10 9  p rov i d e d  a  ch i ra l  a c i d  1 10 ,  a s  
w e l l  a s  t h e  c h i r a l  a ux i l i a r y  w h i c h  co u l d  b e  r e - us e d  fo r  f u r t h e r  
t r an s fo rm at io ns  (Sc h e me  2 3 ) .  
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N
SO2
107
O
R
BuLi
N
SO2
108
H
R
O
Li
#
R'Br
N
SO2
109
R
H
R'
LiOH, H2O2HO
R
H
R'
O
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110
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A l l yl a t i o n  o f  t he  α - k e t o im i d e  11 1  d e r i v ed  f ro m  Op p o lz e r ’ s  
s u l t a m ,  a l s o  p ro c e ed e d  wi t h  goo d  s t e re o s e l e c t i v i t y  ( S c h em e  2 4 ) . 9 0   
T h e  d i as t e r e os e l e c t iv i t y  o f  t h e  r e a c t i on  c ou l d  b e  c on t r o l l ed  b y  
c h a n g in g  t h e  r e a c t io n  c on d i t i o ns  (T a b l e  5 ) .   S e l e c t i v i t y  w a s  
i mp ro v ed  wh en  a  ca t a l yt i c  am ou n t  o f  BF 3 .E t 2 O  w a s  a dd ed  du e  to  
t h e  ab i l i t y  o f  BF 3 . E t 2 O  to  co -o rd in a t e  w i th  t h e  k e to  ox ygen  
r e s u l t i n g  i n  a  n on -c h e l a t ed  co nf o rm e r  1 12 a  wh i ch  a l l ows  a t t a c k  
b y t h e  a l l yl  g r o up  f r o m t h e  C
α
-R e  f a c e .    
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A l t ho u gh  t he  a dd i t i on  o f  SnC l 4  a nd  T iC l 4  d i d  n o t  i mp rov e  on  th e  
r e a c t i on  s e l e c t i v i t y  i t  w as  p r op os e d  t h a t  S nC l 4  co - o r d i na t es  wi t h  
b o t h  ca r bo n yl  o x yge n s  t o  fo rm  th e  α - c h e l a t e d  co nf o rm e r  1 12b  
f a v ou r i n g  a t t a ck  f r o m  t h e  S i  f a c e ,  w h e r e as  T i C l 4  co -o r d i na t es  
w i t h  b o t h  t h e  α - ca r b on yl  a n d  su l t am  ox yge n s  t o  f o rm  th e  γ -
c h e l a t ed  c on fo rm er  1 12 c  wh i ch  un de r go e s  a t t a c k  f r om  th e  Re  
f a c e .  
 
 
S
N
O O
O
O
R
S
O O
O
O
R
S
N
O O
O
O
R
S
N
O O
O
O
R
1. BF3.Et2O
2. X
1. SnCl4
2. X
X
1. TiCl4
2.
N
BF3.Et2O
111
112a
SnCl4
112b
TiCl4
112c
S
N
O O
O
HO R
113
S
N
O O
O
HO R
114
+
X = MgCl
    = Br
    = SiMe3
R = Me
    = Ph
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T abl e  5 :  A l l yl i c  ad d i t i o ns  t o  α -k e to imi d e  11 1  
 
En try  R e a g ent  Y i e ld  (% )  1 1 3: 11 4  r a t io  
 
 
1  
 
A l l yl M gC l  
 
7 4  
 
8 7 : 23  
 
2  
 
A l l yl B r  
 
8 7  
 
5 2 : 48  
 
3  
 
A l l yl S i M e 3 ,  
BF 3 .E t 2 O 
 
7 4  
 
9 1 : 9  
 
4  
 
 
A l l yl S i M e 3 ,  
S nCl 4  
 
8 4  
 
7 0 : 30  
5  
 
A l l yl S i M e 3 ,   
T iC l 4  
7 5  6 3 : 37  
 
 
Le w i s  a c i d - p ro mote d  D i e l s - Al de r  r e ac t i on s  wi t h  t h e  N - a c r yl o yl  
s u l t a m  1 15  p r o c e ed  w i t h  goo d  s t e r e os e l e c t i v i t y  w h en  fo rm in g  th e  
a d du c t  1 17  (S c h em e  25 ) . 9 1  LA H  r e d u c t io n  o f  1 17  f u rn i sh e d  t he  
c h i r a l  a l c oh o l  11 8 .  In  t h e  p r op os e d  t r a n s i t i o n  s t a t e  s t ru c t u re  1 16 ,  
t h e  su l t am  ox yge n  a n d  c a r bo n yl  ox yge n  c oo rd in a t e  wi t h  t h e  Le w is  
a c i d ,  h en c e  r es u l t i n g  i n  a  r i g i d  c on f o r m at io n ,  i n  w h i ch  a t t a c k  b y 
t h e  d i en e  f r om  th e  l e s s  h i nd e r ed  R e  f ac e  i s  f a vo u re d .  
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N
O
EtAlCl2
SO2 SO2
115
N
O
MLn
116
*
N
SO2
R*O
LAH
(S)
117
(S)
118
OH
+106a R* = 28a
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H o w ev e r ,  a s ym m e t r i c  i n du c t io n  w as  r ev e r sed  w h en  th e  N - a c r yl o yl  
s u l t a m  1 19  d e r iv e d  f r o m  1 06b  w a s  u s ed  i n  D i e l s - Al de r s  r e a c t i on s ,  
a s  i l l u s t r a t ed  i n  t he  s yn t h e s i s  o f  e n an t i om e r i c a l l y  p u r e  ( - ) - 1 - O -
m et h yl l o ga n in  1 20 . 9 2    
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A s ym m et r i c  n i t r o a l do l  ad d i t i on  r e a c t i on s  o f  N - g l yo x yl o yl - ( 2 R ) -
b o rn a n -1 0 , 2 - su l t am 1 21  wi th  n i t ro a lk an e s  (S ch em e  26 )  p ro v i d es  a  
m et ho d  f o r  p r ep a r i n g  c h i r a l  n i t r o a l c o ho l s  12 2  w i t h  m od e r a t e  
d i as t e r eo s e l e c t i v i t i e s . 9 3 , 9 4 , 9 5   In  t h es e  r e a c t io ns  f ou r  p o ss i b l e  
d i as t e r eo i s om e rs  a re  f o rm e d ,  o f  wh i c h  t h e  en do -s y n  a l do l  p r od u c t  
1 2 2a  i s  t h e  m aj o r  p ro du c t .   A l t hou gh  th e  ad d i t i o n  o f  Al 2 O 3  
i mp ro v ed  o n  t he  y i e l d  o f  t h e  r e a c t i on ,  be t t e r  s e l e c t i v i t y  w a s  
o b t a i n ed  wh en  a  c a t a l yt i c  am ou n t  o f  TBA F w a s  us ed  (T a b l e  6 ) .  
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T abl e  6 :  R e a c t i on s  o f  su l t am  1 21  w i t h  n i t r o  a lk a n es  
 
En try  R  C a t a ly s t  Y i e ld  
(% )  
D i as t e re o me r i c  r a t i o ;  
1 2 2a :1 22b : 12 2 c: 122 d  
 
1  
 
C 5 H 1 1  
 
A l 2 O 3  
 
9 3  
 
6 8 : 14 :1 2 :6  
 
2  
 
C 5 H 1 1  
 
T BA F  
 
2 9  
 
9 0 : 10 :0 : 0  
 
3  
 
( C 2 H 5 O ) 2 C H 
 
A l 2 O 3  
 
7 8  
 
6 4 : 16 :1 5 :5  
 
4  
 
( C 2 H 5 O ) 2 C H 
 
T BA F  
 
4 5  
 
> 9 9 : 1 :0 :0  
 
5  
 
P h  
 
A l 2 O 3  
 
4 6  
 
8 4 : 16 :0 : 0  
 
6  
 
P h  
 
T BA F  
 
4 2  
 
9 3 : 7 : 0 :0  
 
7  
 
C H 2 Ph  
 
A l 2 O 3  
 
9 1  
 
5 9 : 19 :1 6 :6  
 
8  
 
C H 2 Ph  
 
T BA F  
 
5 0  
 
6 4 : 16 :1 5 :5  
 
 
Le w i s  a c i d -p ro m o t ed  a s ym m e t r i c  a l do l  r e a c t i on s  o f  N -
a c yl s u l t am s ,  s u ch  a s  c om p ou n d  12 3 ,  w i t h  v a r i ou s  a ld e hyd e s  a l so  
p r o c ee d  wi t h  h i gh  d i a s t e re os e l e c t iv i t y  ( > 9 1  % ) . 9 6 , 9 7   A ld o l  
c o nd e ns a t io n  i nv o l v i n g  d i e t h yl  b o r o n  t r i f l a t e  v i a  t he  d i a l k yl  
b o ro n  en o l a t e  12 4b  w i t h  a  r a n ge  o f  a l d eh yd e s ,  p r ov i d ed  th e  syn  
a l do l  ad du c t s  a s  ma j o r  p r od u c t s  (S ch em e  2 7 ) .  
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T h e  e nd o  syn  a l do l  p ro du c t s  c a n  a l so  b e  o b t a i ne d  b y  u s i n g  th e  
s u l t a m  10 6b ,  o r  b y  u s i n g  t i n ( IV )  e n o l a t e  i n  t h e  p l a c e  o f  t h e  bo ro n  
e n o l a t e . 9 8   Th e  ch a n ge  i n  s t e r eo s e l e c t i v i t y  o n  e m p l oyi n g  t h e  
t i n ( IV )  e n o l a t e  i n  t h e  p l a c e  o f  t h e  bo ro n  en o l a t e  12 4a ,  i s  r e l a t ed  
t o  t h e  ab i l i t y  o f  t i n ( IV )  t o  co o rd i n a t e  t o  t h e  su l t am  ox ygen  in  
a d d i t i o n  t o  t h e  a ldeh yd e  ox ygen .   T h i s  r e su l t s  i n  t h e  S i  f a c e  o f  
t h e  e no l a t e  b e i n g  b lo c k ed  i n  t h e  t r an s i t i o n  s t a t e  a s  t he  t i n  ( IV )  
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a d op t s  a  d i s to r t e d  o c t ah ed r a l  c oo r d i na t i on  p e rmi t t i n g  a t t a c k  f rom 
t h e  R e  f a c e .  Th i s  a s ym m e t r i c  i n du c t i on  p ro v i d e s  a  m et hod  f o r  t h e  
s yn t h e s i s  o f  β -h yd r ox y a c i ds .  
 
O p po lz e r ’ s  su l t ams  h a v e  a l s o  b e e n  us ed  a s  ch i r a l  a ux i l a r i e s  i n  t h e  
s yn t h e s i s  o f  α - am in o  a c id s . 9 9 , 1 0 0   E l ec t ro ph i l i c  am in a t ion  o f  1 26  
w i t h  1 - ch lo ro - 1 -n i t r os oc yc l o h ex a n e  fo l l ow e d  b y h yd r o ge n o l ys i s  
w i t h  z i n c  du s t ,  p rov id e s  t h e  N -α - ami no ac yl  s u l t am  12 8  wh i ch  c a n  
b e  d i r e c t l y  h yd r o l ys e d  wi t h  Li O H  t o  a f f o rd  t he  ( R ) -α - a min o  a c i ds  
w i t h  >9 9  %  e . e . ,   a s  w e l l  a s  t h e  ch i r a l  aux i l i a r y 1 0 6 a  ( S ch e m e  
2 6 ) .   Th e  co r r es pon d i n g  (S ) -α - am i no  a c i ds  a re  ob t a i n e d  w h e n  t h e  
a n t i p od e  o f  1 06 a  i s  u s ed ,  an d  the  s a me  r e a c t i on  s e qu e n ce  
fo l l o w e d .  
 
 
N
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 T he  s u l t am  a ux i l i a r y 1 0 6 a  a l so  p r ov id es  a  h i gh  l e v e l  o f  
s t e r e o ch em i ca l  co n t r o l  i n  i n t r am ol e cu l a r  Di e l s -A ld e r  r e ac t i on s . 1 0 1   
T h us ,  t he  N - a c yl  d e r i v a t i v e  1 29  un d er go e s  i n t r am ol e c u la r  D i e l s -
A l de r  c yc l i s a t i on  to  g i v e  t h e  ad du c t  1 3 1  v ia  a n  en do - t r an s i t i on  
s t a t e  1 30 .   T h i s  a p p ro a ch  h as  b een  us e d  in  t h e  asym m e t r i c  
s yn t h e s i s  o f  p u lo ’ po n e  13 2  (S c h em e 29 ) .  
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T h e  C -2  s ym m e t r i c a l  fum a r am id e  1 33  co n t a i n i n g  t wo  o f  
O p po lz e r ’ s  su l t am  m oi e t i e s  h a s  b e en  s yn t h e s i s e d  f r om  fu m ar o yl  
c h l o r i d e  a nd  s u l t am  1 06 a  a nd  us ed  a s  a  ch i r a l  a ux i l i a r y i n  
c yc l o a d d i t i o n  r e ac t i on s , 1 0 2 , 1 0 3 , 1 0 4  d ih yd r ox yl a t i on 1 0 5 , 1 0 6  and  
c o n j u ga t e  ad d i t i o n  u s i n g  G r i gna r d  r e age n t s . 1 0 7    
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T h e  l a t t e r  r e a c t io n  p r ov id es  a  me t ho d  f o r  t he  a sym m e t r i c  
p r e p ar a t i o n  o f  1 ,4 -d io l s  a s  w e l l  a s  sub s t i t u t e d  su c c i n i c  ac i ds  wi th  
m od e r a t e  s t e r e os e l e c t i v i t i e s  (S ch em e 3 0 ) .   Fo r  t he  r ea c t i on  t o  
p r o c ee d ,  t h r e e  eq u i v a l en t s  o f  t h e  G r i gn a rd  r e a ge n t s  w er e  
n e c e s s a r y.   T w o  e q u i v a l en t s  a r e  r equ i re d  f o r  c h e l a t i on  o f  t h e  
ox yge n  a t om s  o f  t he  C = O  an d  S O 2  g r ou ps  a t  ea c h  en d  r esu l t i n g  in  
t h e  C = O  a do p t i n g  a  c i s - co nf o rm at i o n  w i t h  t he  C =C ,  f o r c i n g  t he  
c a m ph or  r i n gs  t o  b lo c k  th e  o n e  f a ce .   T h e  th i r d  e qu iv a l en t  i s  
n e c e s s a r y  t o  d e l iv e r  i t s  a lk yl  g r o u p  in  a  1 ,4 -m a nne r  d u r i n g  
a l k yl a t i o n .  
N
SO2 O
O
N
O2S
133
3 eq. RMgX
N
SO2 O
O
N
O2S
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N
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T abl e  7 :  C on ju ga t e  ad d i t i o ns  t o  fum a ramid e  1 33  
 
En try  
 
R  Y i e ld  (% )  D i as t e re o me r i c  
r a t i o ;  13 4 :1 35   
d . e .  (% )  
 
1  
 
e t h yl  
 
7 6  
 
8 1 : 19  
 
6 2  
 
2  
 
i so p ro p yl  
 
8 9  
 
6 6 : 34  
 
3 2  
 
3  
 
p r op yl  
 
6 9  
 
6 8 : 32  
 
3 6  
 
4  
 
b u t yl  
 
7 6  
 
7 7 : 23  
 
5 4  
 
5  
 
c yc l o h ex yl  
 
8 7  
 
6 6 : 34  
 
3 4  
 
6  
 
h ex yl  
 
8 0  
 
7 6 : 24  
 
5 3  
 
7  
 
o c t yl  
 
6 2  
 
7 2 : 28  
 
4 4  
 
1.1.10  Camphor lactams as  chiral  auxil iaries 
  
B o e c km a n  e t  a l . 1 0 8  d e v e l op e d  t h e  c am ph o r  l a c t am s  13 8  a n d  139  
a n d  th e i r  an t ip od es  an d  u t i l i s e d  t h em  as  c h i r a l  aux i l i a r i e s  i n  
a s ym m e t r i c  s yn t h e s i s .    
 
   
NH
O NH
O
138 139
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D i e l s - Al d e r  r e a c t i on s  c a r r i e d  ou t  on  ac r yl a t e  i mi de s  d e r iv e d  f rom 
l a c t a m 13 8  p r oc e ed e d  w i t h  l o w  d i a s t e r eo s e l e c t i v i t i e s  (u p  t o  40  
% ) . 1 0 9   Le w i s  a c i d  p ro m o t e d  D i e l s -Al d er  c yc l o a dd i t i on  r e a c t i ons  
c a r r i ed  ou t  on  th e  α ,β -u ns a t u ra t ed  c a rb ox imi d e  14 0  (S che m e  31 )  
s ho w e d  b e t t e r  d i a s t e r e o f a c i a l  s e l ec t i v i t e s  ( > 96  % )  t ha n  i t s  
a n t i p od e .   In  a  p r o p os e d  ch e l a t ed  t r an s i t i o n  s t a t e  1 41 ,  t h e  T i C l 4  
c o o rd i n a t es  wi t h  th e  l a c t am  an d  d i en o ph i l e  ox yge n s ,  f a v ou r i n g  
t h e  s - t r an s  ro t ame r  a b ou t  t h e  C c = o -C α  bo n d  an d  a l l o win g  
e l e c t r op h i l i c  a t t a c k  f r om  t h e  R e - f ac e .  
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T h e  re l a t ed  ch i ra l  a ux i l i a r y 1 4 3 ,  b ea r in g  a  C 5 - C 6  do ub l e  bo nd ,  
w a s  s yn t h e s i s e d  f ro m  c yc l o p e n t e ne c ar b ox yl i c  a c i d . 1 1 0 , 1 1 1  Le w i s  
a c i d - p rom ot e d  Di e l s - Al d er  r e a c t i on s  o f  t h e  a c r yl a t e  e s t e r s  14 4  o f  
t h e  l a c t a m  ga v e  low  d i as t e r e os e l e c t iv i t i e s  u p  t o  38  %  d . e .  w i th  
1 4 5  a s  t h e  m aj o r  p r od uc t  (S c h em e 3 2 ) .   Th e s e  r esu l t s  w e re  
d i s a pp o in t in g ,  s i n ce  e l im in a t io n  o f  t h e  C - 5  a nd  C -6  hyd r o ge n s  
w a s  ex p e c t ed  t o  r e s u l t  i n  t h e  r emo v a l  o f  add i t i on a l  s t e r i c  
h i n d ra n c e  c a us e d  by  t h e s e  h yd r o ge n s  t o  r e a ge n t  ap pr o a ch  d i s t a l  t o  
t h e  g e min a l  d im et h yl  b r i d ge  i n  t he  l a c t am  sk e l e t o n ,  h en c e  
i mp ro v i n g  o n  t h e  se l e c t i v i t y .    
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T h es e  l ac t am  aux i l i a r i e s  h a v e  a l s o  be e n  u s ed  i n  a l d o l  
r e a c t i ons , 1 1 2  a s  we l l  a s  i n  t h e  as ym m e t r i c  s yn t h es i s  o f  ( - ) -
c a s s i o s i d e 1 1 3  a nd  (+ ) - t e t ro no l id e . 1 1 4  
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1.1.11 Camphor-derived acetals  as  chiral  
auxil iaries   
 
P e d r os a  e t  a l . 1 1 5  d ev e lo p ed  a  ho mo c h i ra l  a c e t a l  1 47  f r om  c a m ph or  
a n d  3 , 3 -d i e th ox yp r o p an o a t e .   A l k yl a t i on  o f  1 47  w i th  m e th yl  
i od id e  i n  t h e  p re se n c e  o f  LD A  p ro ce e d e d  wi th  goo d  y i e l d ,  bu t  
w i t h  po o r  s t e re os e l e c t i v i t y  ( u p  t o  32  %  d . e . ) (S c h em e 33 ) .  
 
 
 
O
O
CO2Et
LDA, then CH3I
O
O
CO2Et
H CH3
147 148
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P e dr os a  e t  a l . 1 1 6  a l so  c on v er t ed  2 - ( 2 -b ro mo et h yl ) d iox o la n e ,  
d e r i v ed  f r om  ( - ) - e xo - c am ph a n ed i o l  a nd  3 -b r om op ro p an a l ,  i n t o  t he  
l i t h ium  d e r i v a t i v e  1 4 9  whi c h ,  o n  r e a c t io n  wi t h  b enz a l d eh yd e  a n d  
a c e t o ph e no n e ,  a f fo r d ed  t h e  ca r b i no l s  1 50  (S ch em e  34 ) .  O n ce  
a ga i n  t h e  ob s e rv ed  s e l e c t i v i t y  w a s  r a t h e r  p oo r ,  u p  t o  26  %  d . e .  
( T a b l e  7 ) .   Ho w eve r ,  t h e  s e l e c t i v i t y  i m p ro ve d  w h en  d i e th yl  e t h e r  
w a s  us e d  a s  s o l v en t  i n s t e ad  o f  T H F.  A l c oh o l s  15 0  w ere  f u r t h e r  
t r an s fo rm e d  in to  γ - s ub s t i t u t e d  b u t yr o l a c t on e s  15 1  b y o x id a t ion  
w i t h  MCP BA to  es t a b l i sh  t h e  p r e f e r re d  co n f i gu r a t i on  a t  t h e  n e w 
s t e r e o ge n i c  c e n t r e  a n d  f a c i l i t a t e  t h e  e s t im a t i on  o f  
s t e r e os e l e c t iv i t y . 1 1 7    
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I t  w a s  a p p a r e n t  t h a t  S i - f a c i a l  d i s c r i m i n a t i o n  i n  t h e  c a r b on yl  
g r o u p  w a s  f a vo ur e d  b y t h e  c am ph or d i o l  de r iv a t iv e  1 49 ,  g iv in g  th e  
( S ) - c a rb i no l  i n  lo w d i a s t e re om e r i c  ex ce s s .  
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T ab l e  8 :  R eac t i on  o f  Li -d e r iv a t i v e s  14 9  w i t h  P hC H O  an d  
P hC OCH 3  
 
En try  
 
 
R  
 
S o lv en t  
 
Y i e ld  (% )  
 
d . e . (% )  (1 50  
ma j o r )  
 
1  
 
H  
 
E t 2 O 
 
6 4  
 
9  
 
2  
 
M e  
 
E t 2 O 
 
5 1  
 
2 6  
 
3  
 
H  
 
T H F 
 
5 0  
 
3  
 
4  
 
M e  
 
T H F 
 
3 6  
 
8  
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1.1.12 Previous work and aims of the present 
investigat ions 
 
K a ye  e t  a l . 1 1 8  ha v e  s yn t h e s i s e d  th e  c am ph o r - d e r iv ed  c h i r a l  
a ux i l i a r y 1 5 1 a  w i th  t h e  i n co rp o r a t i on  o f  a  k e t a l  m o i e ty .   W h en  
e s t e r s  d e r iv e d  f ro m th e  ch i r a l  a l c o ho l  15 1a  w er e  u se d  in  
a s ym m e t r i c  a l k yl a t i o n  r ea c t io ns ,  mo d e r a t e  s t e r e os e l ec t i v i t i e s  
w e r e  o bs e rv e d .  
 
151a
OH
O
O
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O
O
OH
O
O
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O
O151b 151c
151d
 
A t t e n t i on  w a s  t h en  g i v e n  to  t he  p r e par a t i on  o f  t h e  b u lk i e r  c h i ra l  
a ux i l i a r y 1 5 1b . 1 1 9  T h e  ad d i t i o n a l  me t h yl en e  g ro up  in  t h e  k e t a l  
m o i e t y o f  t h e  3 , 3 -p r op yl e n e d i ox y d e r i va t i ve  1 51b  w a s  e x p e c t ed  
t o  e nh a n c e  S i - f a c i a l  s e l e c t i v i t y ,  b u t  t h e  d i a s t e re os e l e c t i v i t i e s  
o bs e r v ed  d u r in g  a l k yl a t i o n  r e a c t ion s  w e r e  l ow e r  t ha n  t ho s e  
o b t a i n ed  us in g  a l co h o l  1 51 a .   A  pos s i b l e  ex p l an a t io n  f o r  t h i s  
d e c r e as e  i n  s t e r e os e l e c t i v i t y  b e c a m e a p p a r en t  f rom  m o l e cu l a r  
m od e l l i n g .   Th e  s ix - m emb e r ed  c yc l i c  k e t a l ,  b e i n g  
c o n fo rm at io n a l l y  m ob i l e ,  m a y b e  ex p e c t ed  t o  ex h ib i t  r a p i d  
e q u i l i b r a t i o n  b e t we e n  th e  t w o  ch a i r  c o n fo rm at io ns ,  w i th  t h e  n e t  
r e s u l t  t h a t  i t s  s t e r i c  s h i e l d in g  e f f e c t  m i gh t  b e  l e s s  e f f e c t i v e  t h an  
a n t i c i p a t ed .  
 
O n  t h e  o th e r  h a nd ,  t h e  ch i r a l  a ux i l i a ry  1 5 1 c  sh ow e d  a n  i mp ro v ed  
s e l e c t i v i t y  ( u p  to  58  % )  wh e n  u s ed  i n  a l k yl a t i o n  r e ac t ion s .   T h i s  
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i l l u s t r a t es  t h e  f a c t  t h a t ,  a l t ho u gh  t h e  k e t a l  m o i e t y i s  ca p a b l e  o f  
s imi l a r  c on f o rm at io n a l  mo b i l i t y ,  i t  i s  b u t t r es s e d  b y t h e  1 0 -m et h yl  
g r o u p  i n  t h e  c am pho r  sk e l e to n ,  a nd  h en c e  b e co me s  m o r e  e f f e c t iv e  
i n  b l oc k i n g  t he  S i - f a c e  a nd  p e rmi t t i n g  R e - f a c i a l  s e l e c t i o n .  
 
In  t h e  h op e  o f  imp rov in g  t h e  s e l e c t i v i t y  r e l a t i ve  t o  15 1b ,  t h e  
c h i r a l  aux i l i a r y 1 5 1 d  w as  s yn t h e s i sed  a n d  us ed  in  α - b enz yl a t i o n  
r e a c t i ons . 1 2 0   A l t hou gh  t he  p r es e n ce  o f  t h e  p en da n t  m e th yl  g r o up s  
i n  t h e  k e t a l  w as  ex p e c t e d  t o  i mp r ov e  th e  s e l e c t i v i t y ,  o n l y  a  s l i gh t  
i mp ro v em en t  w as  ob s e rv e d  (u p  to  6 0  %  d . e . ) .  
 
T abl e  9 :  α - Benz yl a t i o n  r e a c t i on s  o f  a l c o ho l s  1 51 a - d  
 
C h i r a l  aux i l i a ry  S e l e c t i v i ty :  d . e .  (% )  
1 5 1a          47  
1 5 1b          17  
1 5 1c          58  
1 5 1d          60  
 
 
H o w ev e r ,  d u r in g  t h e  s yn t h es i s  o f  a l c o ho l  15 2b ,  d i bo rn yl  e t h e r s  
1 5 4a  a nd  15 4b  c ou ld  a l s o  b e  i s o l a t ed . 1 2 1   T h es e  “ d i m er s ”  w e r e  
o b t a i n ed  w h en  3 - e x o - h yd r o x yb o r n a n on e  15 3  w as  r e f l ux ed  
o v e rn i gh t  i n  b e nz en e  i n  t h e  p r es e nc e  o f  a  c a t a l yl i c  a mo u n t  o f  
P TS A (S ch e me  3 5 ) .    
 
T h e  f o r m at i on  o f  t h es e  e t h e r s  w a s  p r e s um ed  t o  p r oc e ed  v i a  an  
a c i d - c a t a l ys e d  c on d en s a t i on  o f  3 -e x o - h yd r ox yb o r n a no n e  1 53  
w h ich  in vo lv es  nu c l eop h i l i c  a t t ack  b y  o n e  m o nom er i c  u n i t  a t  t he  
l e s s  h i nd e r ed  f ac e  o f  t he  s e c on d  un i t .  
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T h e  p r es en t  i n v es t i ga t i o n  w a s  i n i t i a t ed  w i t h  t h e  fo l l o wi n g  
o b j e c t iv es  i n  min d :  
 
*   T h e  s yn t h es i s  o f  ca m ph or - d e r iv e d  h yd r ox y k e t a l s  a s  ch i r a l  
a ux i l i a r i e s  c om p r i s i n g  t wo  c am p ho r  s ke l e t on s .  
 
*  T h e  s yn t h es i s  o f  c am ph o r - d e r ive d  th i ok e t a l s  an d  
h e mi ami n a l  d e r i va t i v es  a s  c h i r a l  a ux i l i a r i e s .  
 
*   A n  in v es t i ga t i on  in t o  t h e  d i a s t e r eo se l ec t i v i t y  r e s u l t i n g  f ro m 
t h e  a s ym m e t r i c  a lkyl a t i on  r e ac t io ns  o f  e s t e r s  d e r i v ed  f ro m 
t h e  a bo ve  co m p ou nd s .  
 
*   E v a l u a t i on  o f  c am ph o r - d e r iv e d  h yd r ox y k e t a l s  a s  ch i ra l  
a ux i l i a r i e s  i n  t h e  as ym m e t r i c  r ed u c t i on  o f  α -k e t o  e s t e r s .  
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2. DISCUSSION 
 
T h i s  p ro j e c t  h as  f o cu s ed  m ai n l y o n  th e  s yn t h e s i s  o f  n ov e l  
c a m ph or - d er i v e d  a ux i l i a r i e s  t ha t  i n co rp o r a t e  t wo  c a m p ho r  
s k e l e t on s .   In  t h e  d i s c uss io n  w h i ch  fo l l ow s ,  t h e  d ev e lop m en t  o f  
t h e  p r o j e c t  w i l l  be  d e s c r i be d  wi th  a t t e n t io n  b e in g  g i ve n  t o  t h e  
p r e p ar a t i o n  o f  c h i ra l  aux i l i a r i e s  a nd  an  ev a l u a t io n  o f  t h e i r  s t e r eo -
d i re c t in g  p o t en t i a l  i n  a s ym m e t r i c  a lk yl a t i o n .   T h es e  aux i l i a r i e s  
i n c lu d e  c amp ho r -d e r i v ed  a l c oh o l s  c o n t a i n i n g  k e t a l  u n i t s  a s  
b lo c k in g  g r o u ps  (S e c t i on  2 . 1 ) ,  h em ia mi n a l  e t he r s  (S e c t io n  2 . 2 )  
a n d  m on o t h io k e t a l s  ( Se c t io n  2 . 4 ) .  F in a l l y ,  a t t e n t io n  wi l l  a l s o  be  
g i v e n  t o  t he  us e  o f  h yd r ox y k e t a l s  a s  ch i r a l  a ux i l i a r i e s  i n  t h e  
a s ym m e t r i c  r ed u c t io n  o f  k e t on es .     
 
2.1  Camphor-derived hydroxy ketals  as  chiral 
auxil iaries  in asymmetric  alkylation 
reactions.  
 
2.1.1 Preparat ion of chiral  auxiliaries 
 
T h e  f i r s t  s t a ge  i n vo l v e d  t h e  p re p a r a t i o n  o f  t h e  v i c in a l  d io l  1 56  i n  
t w o  s t e ps  f ro m  ca m ph or  2 8  ( S c h em e  36 ) .   S e l en ium  d i ox id e  
ox i d a t i on  o f  ca mph o r  a f fo r d ed  ca mph o rq u i no n e  15 5  wh i ch  w a s  
t h en  s t e r eo s e l e c t i v i l y  r e d u c e d  b y LA H  i n  d i e t h yl  e t h e r  a t  - 20 o C ,  
g i v in g  th e  2 - e x o - 3 - e x o  d io l  15 6  i n  90  %  yi e l d .   A l th ough  i t  h as  
b e e n  r e po r t e d 1 2 2  t ha t  t h e  2 - en do - 3 - e xo  d i o l  i s  f o r m ed  as  w e l l ,  t h e  
a m ou n t  p r e s e n t  i n  t h e  c r ud e  p r od u c t  w as  m i n i m al  and  e a s i l y  
r e mo v ed  b y c o l umn c h rom a to gr a ph y.   
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K e t a l i s a t i on  o f  c am ph o rq u in on e  (1 55 )  w i t h  t he  2 -e x o - 3 - e x o -d io l  
( 1 56 )  i n  t h e  p r e s en c e  o f  a  c a t a l yl i c  a m ou n t  o f  p - t o l u ene s u l fo n i c  
a c i d  (P TS A)  a f f o rd e d  t h e  m on ok e t a l  1 57 a  a s  t h e  m ajo r  p ro du c t  
t o ge t h e r  wi th  i t s  r e g i o i som e r  1 58 a  i n  a  7 :3  r a t i o ,  w i t ho u t  t he  
fo rm a t io n  o f  t h e i r  r e s p ec t iv e  geom et r i c  i s om er s  1 57b  an d  1 58b .  
T h e r e  w a s  a l s o  n o  e v i d e nc e  o f  t he  f o r m at i o n  o f  t h e  d i ke t a l  e v en  
w i t h  ex t en d ed  r ea c t io n  t im es  (u p  t o  72  h )  an d  wi th  an  i n c r e as e d  
a m ou n t  o f  t h e  d i o l .   Th i s  i s  p r e sum a b l y  d u e  t o  t he  s t e r i ca l l y  
c r o wd e d  e nv i r on me n t  o f  t h e  su r v iv in g  c a r bo n yl  g r o u p  a nd  t he  
b u l k y n a t u r e  o f  t h e  d i o l  1 56 .    
 
T h e  tw o  mo no ke t a l s  w e r e  s ep a r a t e d  u s i n g  c o l um n  ch r om at o gr ap h y 
a n d  ch a r a c t e r i s e d  s p e c t r os c op i c a l l y  b y  N M R ,  IR  a n d  M S .   F i gu re  
3  i l l u s t r a t e s  t h e  as s i gnm en t  o f  so m e  o f  t h e  p ro to n  s i gna l s  i n  t h e  
1 H- N MR sp e c t r a  o f  k e t a l s  15 7a  an d  1 5 8a .   T h e  p a i r  o f  d ou b l e t s  
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e v id e n t  a t  4 .2 7  and  4 . 36  pp m  f o r  k e to n e  1 57 a  an d  3 .8 1  a n d  3 .9 3  
p pm  f o r  k e to n e  15 8 a  w er e  a s s i gn ed  t o  t h e  2 ’ -  a n d  3 ’ -e ndo  
p r o t on s .   A  k e y d i f f e r e n ce  b e t w e en  th e  t wo  r e g i o i s om er s  i s  t h e  
c h e m i c a l  s h i f t  o f  t h e  4 -e nd o  p r o t on  w h ic h  r es on a t es  a t  2 . 13  p pm 
f o r  i s om e r  1 57 a  a nd  2 . 07  p pm  fo r  i s om e r  1 58 a .   T he  p r es e n c e  o f  
t h e  c a rb on yl  g r o u p  a d j a c en t  t o  t h i s  nu c l eus  ( a t  t h e  C - 3  p os i t i on )  
i n  k e t on e  1 57 a  ca u s es  d e sh i e ld i n g  o f  t h e  4 -H  nu c l e u s .   T h e  
o bs e r v ed  s e l e c t e d  1 H- N MR  c h emi c a l  s h i f t s  w e r e  com p a re d  to  t he  
c o mp ut ed  v a lu e s  a s  g i ve n  i n  T a b l e  10 .   T h e  a s s i gnm en t  w a s  a l so  
c o n f i rm ed  b y c o m pa r i s on  o f  t h e  o bs e rv e d  1 3 C  ch e mi c a l  sh i f t s  o f  
t h e  r e g io i so me r s  w i th  t h e  p r ed i c t e d  ch e mi c a l  sh i f t s  f rom 
C h em Dr a w  e s t i m a te s  an d  D FT c a l c u l a t io ns  ( T ab le  1 1 ) .  
 
T abl e  1 0 :   O b s er v ed  a nd  c om pu t e d*  1 H - NMR  c h e m i c a l  
s h i f t s  f o r  s e l e c t e d  p r o t on s  i n  15 7a  and  15 8a .  
 
 
 
                                δ (pp m)                           δ (pp m)  
                                Obs e r v ed                      C o mpu t ed  v a lu es  
   
1 5 7a                           4- H e n d o :    2 . 13              4 - H e n d o  :   2 . 21         
                                2 ’ -H e n d o :    4 .2 7             2 ’ -H e n d o :   4 . 8 2   
                                3 ’ -H e n d o :    4 .3 6             3 ’ -H e n d o :   4 . 8 4    
                                4 ’ -H e n d o :    1 .9 0             4 ’ -H e n d o :   2 . 1 4  
 
1 5 8a                           4 - H e n d o  :   2 . 03              4 - H e n d o  :   2 . 02         
                                2 ’ -H e n d o :   3 . 81              2 ’ -H e n d o :   3 . 7 8  
                                3 ’ -H e n d o :   3 . 93              3 ’ -H e n d o :   3 . 9 6  
                                4 ’ -H e n d o :   1 . 95              4 ’ -H e n d o :   1 . 9 8  
*  B 3 L Y P / 6 - 3 1 G *  
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T abl e  1 1 :   O bs e rve d  a nd  co m p ut ed *  1 3 C- N MR  c h emi ca l  s h i f t s #  
f o r  t h e  r e g i o i s om e r i c  k e t a l s  15 7a  an d  1 5 8a .  
 
 1 5 7a  1 5 8a  
N u c l e u s  
C h e m -  
D r a w  
D F T  O b s e r v e d  
C h e m -    
D r a w  
D F T  O b s e r v e d  
   C -1   
   C -1 ’  
5 3 .0 7  
4 4 .0 4  
5 3 .2 9  
5 0 .0 1  
5 1 .2 0  
4 4 .4 9  
4 9 .0 9  
4 4 .0 4  
5 9 .1 2   
5 0 .9 3  
5 7 .9 4  
4 4 .0 5  
   C -2   
   C -2 ’  
1 3 6 . 0  
8 6 .0 6  
1 0 6 . 90  
8 8 .5 7  
1 0 9 . 01  
8 9 .5 2  
2 1 3 . 09  
8 6 .0 3  
2 0 6 . 72  
8 7 .5 5  
2 1 3 . 05  
8 7 .7 6  
   C -3   
   C -3 ’  
2 1 0 . 06  
7 3 .0 0  
2 0 8 . 00  
8 2 .3 0  
2 1 5 . 84  
8 3 .1 9  
1 2 6 . 02  
7 2 .0 7  
1 0 6 . 43  
8 3 .0 5  
1 0 7 . 49  
8 3 .5 5  
   C -4   
   C -4 ’  
5 3 .0 7  
4 9 .0 0  
5 9 .0 4  
4 8 .5 9  
5 9 .5 9  
4 7 .5 3  
3 8 .0 9  
4 9 .0 0  
5 1 .0 9  
4 9 .5 1  
4 9 .5 6  
4 7 .5 3  
   C -5  
   C -5 ’  
2 3 .0 1  
1 7 .0 7  
2 5 .6 3  
2 6 .5 3  
2 3 .3 4  
2 3 .9 6  
1 6 .0 6  
1 7 .0 7  
2 4 .1 0  
2 6 .6 3  
2 1 .4 1  
2 3 .0 9  
   C -6  
   C -6 ’  
2 6 .0 3  
3 0 .0 6  
3 2 .0 1  
3 4 .5 3  
3 0 .0 6  
3 2 .5 1  
3 2 .0 1  
3 0 .0 6  
3 2 .3 0  
3 4 .4 9  
3 0 .8 1  
3 2 .3 9  
   C -7  
   C -7 ’  
3 4 .0 3  
4 4 .0 5   
4 7 .3 1  
4 9 .5 7  
4 7 .8 5  
4 6 .5 6  
2 7 .0 2  
4 4 .0 5  
4 6 .7 9  
4 9 .3 4  
4 7 .3 2  
4 6 .7 1  
   C -8  
   C -8 ’  
2 2 .0 4  
2 0 .0 1  
2 2 .3 9  
2 1 .7 0  
2 1 .2 6  
1 8 .7 6  
2 2 .0 4  
2 0 .0 1  
2 1 .0 9  
2 1 .5 4  
2 0 .2 5  
2 0 .5 4  
   C -9  
   C -9 ’  
2 2 .0 4  
2 0 .0 1  
2 0 .0 5  
2 3 .4 5  
2 1 .8 0  
2 3 .1 6  
2 2 .0 4  
2 0 .0 1  
2 2 .0 8  
2 3 .6 5  
2 1 .7 2  
2 3 .0 9  
   C -1 0  
   C -1 0’  
1 0 .0 0  
1 3 .0 9  
1 2 .7 9  
1 3 .4 5  
1 0 .6 6  
1 1 .2 1  
1 6 .0 2  
1 3 .0 9  
1 2 .7 4  
1 3 .4 8  
9 . 79  
1 1 .2 8  
#
 I n  p p m  
*  B 3 L Y P / 6 - 3 1 G *  
 
A l s o ,  i t  i s  wo r t h  no t i n g  t h e  d e sh i e ld ed  1 0 -CH 3  p ro t on s  i n  k e t on e  
1 5 8a  r e s o na t in g  a s  a  s in g l e t  a t  1 . 35  p pm  d u e  t o  t h e i r  p rox i mi t y t o  
t h e  C- 2  c a r bo n yl  g r o u p ,  wh e r e as  i n  k e t on e  1 57 a ,  t h ese  p ro to ns  
r e s on a t e  as  a  s in g l e t  a t  1 . 09  p pm .   
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Fi g u r e  3 :   1 H - NMR  s p ec t ra  o f  k e to  ke t a l s  1 57 a  a n d  15 8a  
2'- and 3'-H
2'- and 3'-H
10-CH3
10-CH3
O
O
O
157a
10'
1 2
3
4
5
6
7
8 9
10
1'2'
3'
4'
5'
6'
7'
8'
9'
O
O
O
158a
1 2
3
45
6
7
8 9
10
1'
2'
3'
4'
5'
6'
7'
8'
9'
10'
Discussion  N.Skiti-Mama  
 
58 
 
 
 
Fi g ur e  4 :  1 3 C -N MR  sp e c t r a  o f  k e to  ke t a l s  1 57 a  a n d  15 8a  
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S t e r eo s e l e c t i v e  r ed u c t i on  o f  t he  k e to  k e t a l  15 7a  w i t h  LA H  i n  
e t h e r  a t  0 o C  ga v e  t h e  r eq u i r ed  3 - e xo - h yd r ox y k e t a l  15 9  i n  go o d  
y i e l d  ( 79  % )  (S ch em e  37 ) .   A l t ho u gh  t r a c es  o f  t h e  3 - en do  a l co ho l  
w e r e  a l so  f o r m ed  (T LC ) ,  i t  w as  e as i l y  r e mo v ed  f ro m  t he  r e q u i r ed  
a l c oh o l  b y c o l um n c h r om at o gr ap h y.   
O
O
O
LAH
ether
O
O
OH
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157a 159
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T h e  3 - e xo - h yd r ox y k e t a l  15 9  w as  fu l l y  c h a r a c t e r i s ed  b y  1 D -  a nd  
2 D - NMR  sp ec t r os co p y.   F i gu r e  5  i l l u s t r a t e s  t h e  p a r t i a l  a s s i gn -
n m en t  o f  t h e  p r o t on  s i gn a l s  i n  t h e  1 H  N M R  s p e c t r um .   The  s i gn a l s  
a t  3 .9 4  a nd  4 .2 0  p pm w e r e  a s s i gne d  t o  t h e  2 ’ -  a nd  3 ’ -en do  
p r o t on s  a nd  t h e  pa i r  o f  do ub l e t s  a t  3 .4 8  an d  1 .9 8  pp m  w e r e  
a s s i gn ed  t o  3 - end o  p r o to n  a nd  t h e  3 - e xo -h yd r ox y p r o t on  
r e s p ec t i v e l y,  s i nce  o n  add i t i on  o f  D 2 O  ( F i gur e  5b )  t h e  s i gn a l  a t  
1 . 98  d i s ap pe a r e d  a n d  th e  d ou b l e t  a t  3 .4 8  pp m  co l l aps e d  to  a  
s in g l e t .   T h i s  co up l in g  w a s  a l s o  o bs e r v e d  i n  t h e  COS Y  s p e c t ru m 
( F i gu r e  6 ) .   T h e  a s s i gnm e n t  w as  a l s o  s up po r t e d  b y t h e  HM QC 
s p e c t ru m  in  w h i c h  t h e  h yd r ox y p r o to n  s i gn a l  i s  c l e a r l y  i n d i c a t ed  
b y t h e  ab se n c e  o f  an y c o r r e l a t i on  w i th  a  c a r bo n  s i gn a l .   
 
R e pe a t ed  r e c r ys t a l l i z a t i o n  o f  a l c oh o l  1 5 9  f r om  hex an e  a f f o rd e d  
c r ys t a l s  su i t a b l e  f o r  s i n g l e  c r ys t a l  X - r a y a n a l ys i s ,  w h i ch  
c o n f i rm ed  th e  as s i gn ed  s t ru c t u re  ( F i gu r e  7 ) .   A  ge o m et r y-
o p t i m i se d  s t r u c t u r e  f o r  1 59  c om put e d  a t  t h e  D F T  B 3 LY P / 6 -3 1G *  
l e v e l  o f  a pp rox im a t i on  i s  s ho w n  i n  F i gu r e  8 .  
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( p p m )
0 . 40 . 81 . 21 . 62 . 02 . 42 . 83 . 23 . 64 . 0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  5 :  3 0 0  MHz  1 H - NM R  s p ec t r a  o f  a l c oh o l  1 59  ( a )  b e fo re   
a n d  ( b )  a f t e r  D 2 O  ex c h an ge .  
 
( p p m )
0 . 81 . 21 . 62 . 02 . 42 . 83 . 23 . 64 . 0. 4
3-Hendo
a)
b)
OH
3-Hendo
O
O
OH
H
159
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Fi g ur e  6 :  C OS Y -N MR sp e c t ru m o f  a l c oh o l  15 9 .  
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Fi g ur e  7  :   X - r ay c r ys t a l  s t ru c t u re  o f  a l co ho l  15 9  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  8 :  C om put ed  s t ru c t u r e  o f  a l coh o l  1 59   
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2.1.2 Evaluat ion of  the 2-ketal ized alcohol  159 
as  a chiral  auxil iary in ester  benzylat ion 
react ions. 
 
2 .1 .2 .1  Preparat ion of  es ters  
 
T h e  r eq u i r ed  e s t e r s  1 6 0a - e  were  ob t a ined  b y r eac t i n g  t he  s od ium 
a l kox id e  d e r iv ed  f r om  a l coh o l  1 5 9 ,  w i t h  t he  ap p ro p r i a t e  
c a r b ox yl i c  a c i d  ch l o r i d e  (S ch e m e  3 8 ) .   A  r a n ge  o f  a c i d  ch lo r i d es  
w e r e  se l ec t ed  s u ch  th a t  t h e  r e su l t i n g  e s t e r s  w ou l d  d i sp l a y an  
i n c r e a s e  i n  s t e r i c  b u l k ,  s in c e  i t  h as  b e e n  p ro v en  p r ev io us l y t h a t  
i n c r ea s in g  t he  s t e r i c  b u l k  o f  R  inc r ea s es  t h e  s e l ec t i v i t y  o f  
a l k yl a t io n . 1 2 3  
 
O
O
OH
NaH
THF
O
O
O-Na+
Cl
O
R
O
O
O
O
R
159
160
R
160a
160b
160c
160d
160e
Me
Et
i-Pr
t-Bu
Ph
160f OPh
 
      
Scheme 38 
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C omm erc i a l l y  ava i l ab l e  a c i d  ch l o r ide s  we re  us ed  ex cep t  fo r  
p r op a no yl  c h l o r i de  w hi ch  w a s  p re p a r ed  us i n g  a  s t an da r d  
p r o c ed ur e  f ro m th e  r e a c t i on  o f  p ro p an o i c  a c id  wi th  t h io n yl  
c h l o r i d e .    
 
The  ch i r a l  aux i l i a ry  was  u s ed  a s  t h e  l i m i t i ng  r eagen t  i n  a l l  c a s es ,  
s in c e  i t s  p r e p a ra t io n  i s  ex p en s iv e  an d  in vo lv es  s e v e ra l  s t e ps .  
A f t e r  s ub j e c t i n g  t h e  c r ud e  p ro du c t  t o  co l u m n  c h rom at o gr ap h y 
u s i n g  h ex a n e : e t h yl  a c e t a t e  a s  t he  e luan t ,  t he  e s t e r s  1 60a - e  w e r e  
o b t a i n ed  i n  p oo r  yi e l ds  ( T ab le  1 2 ) .  T he  e t h an o a t e ,  p r op ano a t e  an d  
p h en yl  a c e t a t e  es t e r s  w e r e  ob t a i n e d  as  c o l o ur l es s  o i l s .   A l t ho u gh  
t h e  t - bu t yl  a c e t a t e  e s t e r  was  i s o l a t ed  a s  an  o i l ,  i t  s o l id i f i ed  on  
s t an d in g .   At t em pt s  a t  p r e p ar i n g  ph e nox y a c e t a t e  e s t e r s  16 0f  
f a i l e d  ev e n  w he n  d e p ro t o na t io n  o f  t h e  a l co ho l  w as  c a r r i ed  o u t  
w i t h  Bu Li ;  o n l y s t a r t i n g  a l co ho l  w as  ob t a in ed  on  wo rk up .  
 
T h e  s t ru c t u re  o f  e ac h  e s t e r  was  co n f i rm e d  b y N M R  sp e c t r o s co p y.   
F i gu re  9  i l l u s t ra t es  t h e  p a r t i a l  a s s i gnm en t  o f  t h e  ca rbo n  s i gn a l s  i n  
t h e  1 3 C-  an d  DEPT - 13 5  N MR  s p e c t ra  f o r  es t e r  1 60 a .   1 3 C -N MR 
s p e c t r a  co n f i rm  t he  e x p e c t e d  es t e r s ,  w i t h  t h e  c a r bo n yl  c a r bo n  
s i gn a l s  b e i n g  ob s er v e d  b e tw e e n  1 70 .4 2  a nd  17 3 . 24  a nd  th e  α -
c a r b on  b e t w e en  33 . 1 4  a nd  4 8 . 47  p pm.   Ho w ev e r ,  fo r  es t e r  1 60 a  
C - 10  an d  C- 10 ’  ch emi ca l  s h i f t s  w er e  ob s e rv ed  t o  co i n c id e  a t  
1 1 .2 2  p pm  wh i l e  C- 8 ,  C -8 ’  a nd  C -9  we r e  o bs e rv e d  a t  21 .2 8 ,  2 1 . 35  
a n d  2 1 . 38  p pm,  re s p e c t i v e l y.   In  a l l  t h e  c a s es ,  t h e  3 - H  en do  
p r o t on  whi c h  ap pe a r e d  a t  3 .4 8  as  a  d ou b l e t  i n  t h e  1 H- NMR 
s p e c t ru m  o f  t h e  s t a r t i n g  a l c oh o l  1 59 ,  w as  s h i f t ed  do w nf i e l d  and  
a p p e ar e d  a s  a  s in g le t  b e t w e en  4 . 58  p pm  an d  5 . 12  p pm  as  s ho w n in  
T a b l e  1 1 .  Th e  s i gna l s  a t  3 . 92  an d  4 .4 0  pp m  s ho w  th a t  t h e  ke t a l  
m oi e t y i s  i n t ac t  i nd i ca t i n g  t h a t  h yd r o l ys i s  d id  no t  o ccu r  du r i n g  
e s t e r i f i ca t i on .    
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T abl e  1 2 :  Y i e l ds  and  ch emi ca l  s h i f t s  o f  t he  3 - H e n d o  
p r o t on s  an d  ca r bo nyl  c a r b on s  f o r  e s t e r s  1 60 a - e    
 
 
O
O
O
160
R
O
1 2
3
4
5
6
7
89
10
 
 
 
 
Substrate  
 
R  
 
Yie lds  (%) 
 
3-H(ppm) 
 
-CO2 -  (ppm) 
1 6 0a  M e 2 9  4 . 63  1 7 3 . 69  
1 6 0b  E t  3 1  4 . 58  1 7 2 . 98  
1 6 0c  i -P r  5 2  5 . 12  1 7 2 . 46  
1 6 0d  t -Bu  4 2  4 . 58  1 7 1 . 79  
1 6 0e  P h  8  4 . 58  1 7 0 . 71  
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a )  
 
 
 
 
 
 
 
 
b )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  9 :  a )  1 3 C - NMR  a nd  b )  D E P T - 13 5  NMR  s p e c t r a  fo r  e s t e r  
1 6 0a .  
C-10'
C-10
C-9
C-2C-1"
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2.1.2 .2  α -Benzylat ion of  Esters  
 
Fo l l ow in g  a  s t an d a rd  p r o c ed ur e 1 2 4  f o r  a l k yl a t i ng  e s t e r s ,  
d e p ro t o na t io n  o f  t h e  α - c a rb o n  w a s  a c c om pl i sh e d  u s i n g  LD A  
( S ch em e  3 9 )  w h i ch  w a s  gen e r a t ed  i n  s i t u  f r om  d i i so p rop yl am in e  
an d  bu t yl l i t h i um  a t  - 40 o C .   Th e  en o l a t e  i n t e rm ed ia t e  w as  fo rm ed  
a t  -7 8 o C .   I t  h a s  bee n  sh ow n  i n  p r ev iou s  i nv es t i ga t i ons 1 2 5 , 1 2 6  t h a t  
s e l e c t iv i t y  d u r i n g  a l k yl a t io n  d ep e nd s  o n  th e  t em p er a tu r e  a t  w h i ch  
t h e  a l k yl a t i on  i s  ca r r i ed  o u t  r a th e r  t han  t h e  t emp e r a tu r e  a t  wh i ch  
t h e  en o l a t e  i s  fo r m ed ;  h e n ce  t h e  a l k yl a t in g  r e a ge n t ,  b enz yl  
b r omi d e  w as  ad d ed  a t  -7 8 o C .  
THF
O
O
O
O
R
LDA, -78°C
O
O
O
R
O-Li+
O
O
O
R
O
160
161
PhCH2Br
Ph
R
161a
161b
161c
161d
161e
Me
Et
i-Pr
t-Bu
Ph
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A f t e r  q ue n ch i n g  t h e  r e a c t i on s ,  t h e  b e nz yl a t e d  p ro duc t s  w e r e  
o b t a i n ed  a s  d i as t e r eom er i c  mix t u r e s  i n  mo d er a t e  yi e l d s  ( 21 -51  
% ) .  R ep e a t ed  p r epa r a t i v e  ch ro m at o gr a p h y o f  t h e  d i a s t e r e om e r i c  
m ix tu r es  1 61 a ,  161 b  a nd  16 1d  u s i n g  h ex an e : e t h yl  a c e t a t e  f a i l ed  
t o  r e su l t  i n  s epa ra t i on .   The  d i a s t e r eom er i c  ex ces s e s  (% d . e . )  
( T a b l e  13 )  w e r e  c a l cu l a t ed  f r om  t he  r e l a t i v e  i n t eg r a l s  o f  t h e  
s i gn a l s  co r r es po nd i n g  t o  t he  3 -H e n d o  n u c l e i  i n  t h e  1 H-NMR 
s p ec t r a  s in ce  t h i s  s i gn a l  i s  we l l  s epa ra t ed  f r om  th e  r es t  o f  t he  
s p ec t ru m  ( F i gu r e  10 ) .   D o ub l in g  o f  s ign a l s  w as  a l s o  ob se r v ed  in  
t h e  1 3 C- N MR  an d  D EP T  s p e c t r a  as  sh o wn  in  F i gur e  11  w i t h  t he  
e s t e r  c a r bo n yl  c a r b o ns  C- 1 ”  a t  1 74 .5 1 / 17 4 . 78  p pm  a nd  t h e  C -2  
q u a t e rn a r y c a r b on s  a t  11 6 . 90 / 1 17 .0 3  pp m.  
 
W e  an t i c i p a t ed  th a t  t h e  p r es en c e  o f  t h e  C -2  k e t a l  c on t a i n i n g  th e  
b u l k y,  r i g i d  c am ph o r  s ke l e to n  w o u l d  c r e a t e  a  c r o wd e d  
e n v i ro nm e nt  fo r  t he  e n o l a t e ,  l e ad i n g  t o  en h an c ed  d i a s t e r e om e r i c  
s e l ec t iv i t y  i n  t h e  a lk yl a t io n  s t ep .  
 
H o w ev e r ,  t he  m eas u r ed  d i as t e r eos e l ec t i v i t i e s  a ch i ev ed  r an ged  
f r om  14  % to  3 0  % w i th  t h e  s e l ec t i v i ty  i n c r ea s i n g  wi t h  in c r eas in g  
s i z e  o f  t he  R  g r ou p  o f  t h e  e s t e r  moi e t y .     
 
T abl e  1 3 :  Y i e l ds  and  d i as t e r eo m er i c  ex cess es  f o r  a s ym m et r i c  α -
b e nz yl a t e d  es t e r s  16 1 a - 16 1d .  
  
En try  R  Y i e ld  (% )  d . e .  (% )  
1 6 1a  M e 2 1  1 4  
1 6 1b  E t  4 1  2 6  
1 6 1c  i -P r  5 1  2 8  
1 6 1d  t - bu  4 5  3 0  
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Fi g ur e  1 0 :  3 0 0  M Hz  1 H - NM R  s p e c t r a  o f  b enz yl a t e d  es t e r s  
1 6 1a -1 61d  s ho win g  t h e  i n t eg ra t ed  3 - H e n d o  
s i gn a l s  o f  t h e  d i a s t e r e om e r i c  com po n en t s .   
161d161c
161b161a
starting ester
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a )   
b )  
Fi g ur e  1 1 :   a )  1 3 C - NMR  a n d  b )  D EP T -1 35  N MR  s pe c t r a  o f  a          
d i as t e r eo m er i c  m ix t u re  o f  es t e r s  16 1d .  
 
C-1" C-2
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HP LC  ana l ys i s  o f  t he  benz yl a t ed  e s t e r  16 1d  e lu t i n g  wi t h  
hex ane : e th yl  a ce t a t e  (99 : 0 . 1 )  a l s o  f a i l ed  t o  fu l l y r e s o lve  t h e  t wo  
d i as t e r eo m er s  ( F i gu r e  1 2 ) .   
 
 
 
 
 
 
 
 
Fi g ur e  1 2 :  R epre s en t a t i ve  HP LC  t race  s howi n g  t he  
d i as t e r eo m er i c  com po n en t s  o f  t h e  b e nz yl a t e d  e s t e r  
1 6 1d ,  e lu t in g  wi th  h ex an e : e th yl  ace t a t e  (99 : 1 ) .    
 
A l t ho u gh  t h e  s e par a t i on  o f  t he  d i a s t e r e om e r  m ix tu r es  i n  1 61 a ,  
1 6 1b  a nd  16 1d  was  fou nd  t o  b e  im po ss ib l e ,  t he  t wo  
d i as t e r eo m er i c  e s t e r s  i n  16 1 c  w e re  e a s i l y s e p a r a t ed  us i n g  
hex ane : e th yl  a ce t a t e  mix t u r e  (9 9 : 1 ) .   The  i som er  e l u t ed  f i r s t  was  
ob t a i n ed  a s  a  whi t e  s o l i d  and  t h e  s econd  i s om er  as  a  co lou r l es s  
o i l .  Th e  d i as t e r eom er i c  ex ces s  was  th en  d e t e rmi n ed  f rom  th e  1 H-
N MR  s p e c t rum  o f  th e  c ru de  p r od u c t .    
 
The  COSY NMR  spec t rum (F i gu re  13 )  o f  t h e  ma jo r  d i a s t e r eomer  
1 6 1c ,  s ho ws  t h e  d i as t e r eo to p i c  b e nz yl i c  p ro to ns  re son a t in g  a s  
m ul t ip l e t s  a t  2 .91 - 3 . 04  p pm  r e f l ec t i n g  t he i r  m a gne t i c  n on -
eq u i v a l en ce  i n  th e  ch i r a l  en v i ronm ent  wi t h  cou p l i n g  t o  2 ” -H a t  
2 . 54  p pm.    
 
R e c r ys t a l l i z a t i on  o f  t h e  m aj o r  i so m er  f r om  h ex a n e  gav e  c r ys t a l s  
s u i t ab l e  fo r  X- r ay  c r ys t a l l ograph i c  an a l ys i s  (F i gu re  14 ) .   From  
t h e  c r ys t a l  s t ru c tu re ,  t h e  newl y gene ra t ed  s t e r eo gen i c  cen t e r  was  
r e v e a l e d  t o  h av e  t he  S - conf i gu ra t i on .  
AU
0.00
0.02
0.04
0.06
Minutes
1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
starting ester
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Fi g ur e  1 3 :   P a r t i a l  COSY NMR  sp ec t rum o f  th e  m aj o r  
d i as t e r eo m er  1 61 c .  
 
 
O
O
O
O
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F u r t h e rm o re ,  X- r a y  a n a l ys i s  s u gges t s  t h a t  t h e  k e t a l  b o r na n e  r i n g  
a n d  ph e n yl  g r o u p  fav ou r  a l i gnm e nt  p a r a l l e l  t o  e a ch  o th e r .   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  1 4 :  X - r a y c r ys t a l  s t ruc t u r e  o f  t h e  ma j o r  d i a s t e r eom e r  o f  
e s t e r  1 61 c .  
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2.1.2.3 Determination of  the s tructure of  the 
enolate intermediate.  
 
W h e n  ad d re s s in g  t h e  i s s u e  o f  e n o la t e  л - f ac i a l  s e l ec t iv i t y  i n  
a l kyl a t ion  r eac t i ons  wi t h  e l ec t r op h i l es ,  eno l a t e  geom e t ry  a s  we l l  
s t e r i c  e f fec t s  i n  t h e  p oss ib l e  t r an s i t i o n  s t a t e s  m us t  b e  co ns id e r ed .   
  
He lm chen  e t  a l . 1 2 7 , 1 2 8  h av e  p r op os ed  t h a t  o n l y  t h e  Z -en o l a t e  i s  
f o rm e d  w h en  t h e  p r o p an o a t e  e s t e r  1 62  i s  d epr o t on a t ed  w i t h  Li CA 
i n  T H F,  b u t  wh en  T H F- HM PT   i s  u s ed  a s  s o l ven t ,  t he  E -en o l a t e  i s  
f av ou r ed  (S ch em e  4 0 ) .  
N
SO2Ph
O
O
N
SO2Ph
O
N
SO2Ph
O
LiO
LiO
LICA / THF
LICA
THF/HMPT
Z- enolate
E-enolate
162
 
    Scheme 40 
 
In  co n t r as t ,  w i th  t h e  O - b enz yl g l yco l a t e  d e r i v a t i ve  16 3 , 1 2 9  o n l y  
t h e  E -eno l a t e  w as  f o rm ed  wi th  b o th  T H F an d  T H F/ HMP T.   Th i s  
p r e f e r en t i a l  fo rm at i on  o f  t h e  E - co nf i gu r a t i on  w as  c on f i r m ed  b y  
q u en c h i n g  th e  en o la t e  w i th  T BSCl  t o  g i v e  t he  co r r es po nd in g  s i l yl  
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k e t en e  k e t a l  f o l lo w e d  b y a n a l ys i s  u s i n g  NMR  s p e t r os co p y 
t o ge t h e r  wi t h  X - r ay  c r ys t a l  s t r uc t u r e  d e t e r mi n a t i o n .  
 
 
   
N
SO2Ph
O
TBSO
163
OBn
 
 
I r e l a n d  e t  a l . 1 3 0  h av e  su gges t ed  a  ch a i r - l i k e  p e r i c yc l i c  t r a n s i t i on  
s t a t e  fo r  t h e  e no l i z a t i on  o f  c a rb on yl  e s t e r s  wi t h  LD A  b a s ed  on   
s t e r i c  i n t e r ac t i on  be t w een  t h e  a lk yl  g r o u p  in  t he  es t e r  m oi e t y an d  
t h e  c h i r a l  aux i l i a ry  and  d i i s op rop yl ami ne .    
 
Fo l l ow in g  I r e l an d’s  a r gu m ent ,  t h e  pos s i b l e  en o l a t e s  fo rm ed  f rom  
e s t e r  16 1c  a r e  i l l u s t r a t ed  in  S ch eme  4 1 .   D u e  to  t h e  c l os e  
p r ox imi t y o f  t h e  8 -M e  g r o up  t o  t h e  es t e r  moi e t y,  s t e r i c  r e p u l s io n  
b e tw e e n  th e  R- gr ou p  an d  t h e  8 -M e  i s  s i gn i f i c an t l y g r e a t e r  i n  
T S # I ,  h e nc e  th e  f o r m at io n  o f  t h e  Z - en o l a t e  v ia  TS # I I  w o u l d  b e  
f a v ou r ed  o v e r  E -eno l a t e  f ro m TS # I .   
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In  o r d e r  t o  e s t ab l i s h  t h e  s t r uc t u r e  o f  t h e  p r e f e r r e d  e no l a t e ,  we  
a t t empt ed  t o  t r ap  t h e  en o l a t e  d e r iv ed  f r om  e s t e r  1 60 a  t h ro u gh  
s i l yl a t i on  i n  t h e  ho p e  o f  fo rmi n g  t he  co r r esp on d i n g  (Z) - o r  ( E ) -  
s i l yl  k e t en e  k e t a l  de r iv a t iv e s .   H ow eve r ,  an  a t t em pt  t o  qu en ch  t he   
e n o l a t e  o f  es t e r  16 0 a  w i t h  M e 3 S i C l  a t  - 7 8 o C  a c co rd in g  t o  t h e  
p r o c ed ur e  d e ve lo ped  b y I r e l a n d  e t  a l . 1 3 0  w as  un su ccess f u l ,  w i t h  
o n l y a  c o m pl ex  m ix tu r e  b e i n g  i so l a t e d  whi c h  co u ld  n o t  b e  
s a t i s f ac t o r y ana l ys ed .    
 
H o w ev e r  s i l yl a t i on  us i n g  T BSCl  u nd e r  s imi l a r  co nd i t i on s  
f o l lo w e d  b y p u r i f i c a t i on  u s i n g  p re p a r a t iv e  c h rom a to gr a p h y 
y i e l d e d  bo th  th e  ( Z ) -  a n d  ( E ) - s i l yl  k e t en e  k e t a l s  1 64  a nd  1 6 5  i n  a  
r a t i o  o f  5 7 : 43  (S ch e m e  4 2 ) .   T h e  p re d omi n an c e  o f  t h e  ( Z ) - s i l yl  
k e t en e  a ce t a l  d e r iv a t iv e  i nd i c a t es  t h a t  f o rm at i on  o f  t h e  (E ) -
e n o l a t e  i s  p r e f e r r e d  o ve r  (Z ) - eno l a t e .    
 
F i gu re  1 5  sh o ws  i n t eg r a t ed  p ar t i a l  1 H - NM R sp e c t r um  o f  
b e nz yl a t e d  es t e r  16 1 a  and  th e  p a r t i a l  1 3 C -N MR  sp ec t r um  o f  t he  
m ix tu r e  o f  s i l yl  k e t e n es  1 64  an d  16 5  s ho wi n g  th e  OT BS  car bon  
s i gn a l s .   Th e  r a t i o  w as  ob ta in ed  f r om  th e  1 3 C - NMR  spec t ru m  o f  
t h e  mix tu r e  ( F i g .  15 )  wh e r e  t he  d i a l kox y- s u s t i t u t ed  c a rb on s  o f  t he  
t w o  a lk e n es  r es on a t in g  a t  16 7 . 9  an d  1 6 8 . 5 .   T he s e  s i gna l s  we r e  
a s s i gn ed  t o  t he  ( E ) -  and  (Z ) - i s om e r  r es p e c t i v e l y t h r o u gh  a n a l o g y 
w i t h  s i l yl  k e t en e  ke t a l s  r epo r t ed  b y I r e l an d  e t  a l . 1 3 0   T he  h e i gh t s  
o f  t h e  s i gn a l s  w e r e  t a k en  as  a  me a su re  o f  t h e  r e l a t i v e  am ou n t s  o f  
i so mer s .  
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Scheme 42 
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a )           b )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  1 5 :  ( a )  P ar t i a l  1 H -N MR  s p e c t r um  o f  b enz yl a t e d  es t e r s    
1 6 1a ,  a nd  (b )  p a r t i a l  1 3 C -N MR  s p ec t ru m  o f  a  mix tu re  
o f  t he  s i l yl  k e t en e  k e t a l s  1 64  an d  16 5   
 
 
 
T h us  w e  su gges t  t h a t  in  a l l  c a s es ,  e l e c t ro ph i l i c  a t t ac k  o cc u rs  
p r e f e r en t i a l l y  f r om  the  l es s  h i nd er ed  f ace  o f  e ach  eno l a t e .   
M od e l l i n g  o f  t h e se  e n o l a t e  s t r u c tu r e s  i s  d e s c r ib e d  i n  s e c t io n  2 .5 .    
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2.1.2.4 Attempted hydrolysis  of the alkylated esters .  
 
A t t em pt s  t o  l i b e r a t e  t h e  c h i r a l  a c i d  b y  b a s e - c a t a l ys e d  h yd r o l ys i s  o f  
e s t e r s  16 1a - c  were  unsucces s fu l  (Scheme  43 ) .   T h e  h yd r o l ys i s  w as  
i n i t i a l l y  a t t empt ed  u s i n g  K O H  i n  aqu e ou s  me t h a no l .   A f t e r  r e f l ux i n g  
f o r  t wo  d a ys ,  on l y s t a r t i n g  m at e r i a l  was  i so l a t e d .   A  s imi l a r  r es u l t  w as  
o b t a i n ed  u s i n g  Li OH  in  aqu eou s  T H F.   
 
O
O
O
O
Ph
R
Ph
R COOH
+ Chiral auxiliary 159
Method 1:  KOH, Methanol/H2O
 
Method 2:  LiOH, THF:H2O (1:1)
161
166
161a
161b
161c
R
CH3
CH(CH3)2
C(CH3)3
   
       
Scheme 43  
 
H o w ev e r ,  w h en  e s t e r  1 61 d  w as  t r e a t ed  w i th  co nc .  H 2 S O 4  (S ch eme  4 4 )  
a n d  t h e  r es u l t i n g  m ix tu r e  t r an s f e r r e d  to  i ce  w a te r  f o l l ow e d  b y  
ex t r a c t io n  w i t h  d i e t h yl  e t h e r ,  a  co mplex  mix tu r e  o f  p r odu c t s  t h a t  co u ld  
n o t  b e  i d en t i f i ed  w as  o b t a i n ed  a l on g  w i t h  a  2 - b enz yl - 3 ,3 -
d im et h yl b u t an o i c  a c i d .   T h i s  co mp l ex  mix tu r e  c ou l d  r es u l t  f r om 
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ca t i on i c  r e a r r angem ent s  o f  t h e  bo rnane  s ys t ems . 1 2 8   Hyd r o l ys i s  u s i n g  
d i l .  H 2 SO 4  a l s o  gave  b a ck  o n l y u n r e a c t e d  s t a r t i n g  e s t e r .  
 
O
O
O
O
Ph
t-Bu
161d
166a
COOH
t-Bu
H2SO4 Ph
 
     
Scheme 44 
 
Bas e - c a t a l ys e d  h yd r o l ys i s  o f  es t e r s  c om mo nl y i n v o lv e s  t h e  B A C 2  
m echan i sm:  
 
 
R C
O
OR R C
O-
OR'
OH
R C
O
OH + R'O-R C
O
O- + R'OH
HO-
slow
 
 
Scheme 40 
 
In  t h e  r a t e - l imi t in g  s t ep  th e  t r i gon a l  p l a n ar  c a r bo n yl  c a r b o n  i s  a t t ac k ed  
b y H O - ,  l e a d i n g  t o  a  t e t r a h ed r a l  i n t e rm e d i a t e .   C l e a r l y,  i f  t h e  c a rb on yl  
g r o u p  i s  i n  a  s t e r i c a l l y  c o n ge s t ed  e n v i ro nm e nt ,  fo rm at io n  o f  t he  
t e t r ah ed r a l  i n t e r med i a t e  wi l l  b e  i nh ib i t ed  an d  t h e  r a t e  o f  h yd r o l ys i s  
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w i l l  b e  re t a r d ed .   U n d er  a c i d -c a t a lys e d  c o n d i t i on s  a  s i mi l a r  A A C 2  
m e c ha n i sm  i s  c om mo n,  a l s o  i nv o l v i n g  f o rm at i o n  o f  a  t e t r ah e dr a l  
i n t e rm ed i a t e  i n  t h e  r a t e - l imi t in g  s t ep .  
 
R C
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R C
OH
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R C
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Scheme 45 
T h e  r a t e  o f  a n  A A C 2  r e a c t i on  wo u ld  b e  ex p e c t ed  t o  b e  s ub j ec t  t o  t he  
s ame  s t e r i c  i n f l uences  as  t he  co r re spond i ng  B A C 2  r e a c t io n  wo u ld  b e .   
H o w ev e r ,  a n  a l t e r na t i v e  A A C 1  m ech a n i sm  i s  p os s i b l e  i n  c a s e s  w h er e  R ’  
g i ve s  a  s t ab l e  ca rbo ca t i on . 1 3 1  
 
R C
O
OR' R C
O
OHH
+
R C
OH
OR'
+
slow
+ R'
+
 
 
Scheme 46 
 
In  t h e  p r e s en t  c as e ,  t he  es t e r  ex i t s  i n  a  s t e r i c a l l y  conges t ed  
e n v i ro nm e nt  a nd  t he  r a t e  o f  a  B A C 2  rea c t i on  mi gh t  b e  r e t a r d e d .    
H o w ev e r ,  i t  i s  su r p r i s in g  th a t  h yd r o l ys i s  o f  t h e  k e t a l  d id  n o t   
o ccu r  un de r  a c id  con d i t io ns ,  w h i ch  migh t  h av e  a l l ev i a t ed  th e   
s t e r i c  co n ge s t i on  an d  p e rmi t t ed  e as i e r  h yd r o l ys i s  o f  t h e  es t e r .  
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2.1.3 Evaluat ion of the alcohol  167 as  a chiral 
auxil iary in ester  α-benzylation  reactions .  
 
2 .1 .3 .1  Preparat ion of  a lcohol  167 
 
In  t h e  e a r l y 1 9 8 0’ s  H e lm c h em  e t  a l . 1 2 7 , 1 2 8 , 1 3 2  r e av ea l ed  th a t  e s t e r s  
a t t a ched  t o  t he  C-2  po s i t i on  o f  a  c am ph or  ske l e t on  w i t h  a  bu l k y  
b lo c k in g  g r o up  a t  t h e  C -3  po s i t i on  c o u ld  b e  a l k yl a t e d  wi t h   h i gh  
s t e r eos e l ec t i v i t y .   Wi t h  t h e  ch i r a l  k e to n e  15 8a  i n  h an d ,  w e  d e c i d ed  to  
ex amin e  t h e  s t e r eof ac i a l  s e l ec t iv i t y  a f fo rd ed  b y t h i s  ch i r a l  aux i l i a r y i n  
t h e  a l k yl a t i on  o f  t he  r a n ge  o f  a l k an o a te  e s t e r s .  
 
A l t ho u gh  k e to n e  15 8 a  was  ob t a in ed  a s  a  s o l i d ,  r ec r ys t a l l i z a t i on  f a i l ed  
t o  g i v e  c r ys t a l s  su i t ab l e  f o r  X - r a y c r ys t a l l o g r a ph y,  hen c e  i t s  l i k e l y  
s t ru c t u re  w a s  de t e r mi n ed  th r ou gh  c o mp ut a t i on  a t  t h e  D FT  l ev e l  
( B 3 LY P / 6 -3 1G * ) .   F i gu r e  16  sh o ws  t h e  m os t  s t a b l e  con f o rm at i on  f o r  
t h e  k e t a l  15 8a .   Th e  o r i en t a t io n  o f  t h e  s ec on d a r y b o r nyl  s ys t e m  w as  
i n fe r r ed  f rom  an  X - r a y c r ys t a l lo g r ap h i c  an a l ys i s  o f  t h e  a l c oh o l  16 7  
d e r i v ed  f r om  t he  k e t on e  1 58 a  ( s e e  F i g .  1 9 ) .  
 
 
 
 
 
 
 
 
Fi g ur e  1 6 :  C om put e r -m od e l l ed  r ep r es en t a t i on  o f  a  s t ab l e  co n fo rm at i on  
o f  k e t a l  15 8a .  
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T h e  s t e r e os e l ec t i v e  r e d uc t i on  o f  15 8a  t o  t h e  2 -e x o - a l co ho l  16 7  r equ i r e s  
e n do  h yd r i d e  a t t a ck .   T h i s  w as  a c h iev e d  wi th  LA H  a n d  wi th  Su p er  
H yd r i d e ®  ( S c h em e  4 7 )  wi th  t he  l a t t e r  p ro v i d in g  a  b e t t e r  yi e l d  ( T ab l e  
1 4 ) .   A f t e r  wo r k- up  f o l l o w ed  b y c h r o m ato gr a p h i c  p u r i f i c a t io n  o f  t h e  
c r u d e  p ro du c t ,  t h e  a l co ho l  16 7  w as  i so l a t ed  as  a  co l ou r l e s s  so l id  i n  
go o d  yi e l d  an d  c h ar a c t e r i s e d  b y N M R,  IR  a n d  MS m eth od s .   F i gu r e  17  
i l l u s t r a t es  t h e  a s s ign m ent  o f  t he  p r o ton  s i gn a l s  i n  t he  COS Y spec t r um.   
T h e  a bs en c e  o f  dou b l in g  o f  t h e  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  1 0 -  an d  10 ’ -m et h yl  
p r o t on s  c on f i rm ed  t h e  p r es e nc e  o f  a  s i n g l e  i s om e r .   O n ce  a ga i n  a  p a i r  
o f  do ub l e t s  i n  r e g io n  o f  3 .8 3  -  3 .9 5  pp m  w as  as s i gn e d  to  2 ’ -H  a n d  3 ’ -
H ,  r e s p e c t i v e l y.   T h e  o bs e rv e d  co up l i n g  o f  t h e  C -2  e nd o  p r o t on  a t  3 .66  
p pm  a nd  th e  e x o -O H  a t  2 . 62  pp m w as  a l s o  co nf i rm ed  b y a  D 2 O 
ex ch an ge  ex p e r im en t .  
 
O
O
O
158a
O
O
OH
167
reducing agent
 
Scheme 47 
 
T ab l e  1 4 :   R ed u c t io n  o f  k e t on e  158a  t o  a l coh o l    
                 167  (S chem e  40 ) .  
 
 
 M e th od  
 
R e du c in g  ag en t  
 
S o lv en t  
 
Y i e ld  (% )  
1  LA H  e t h er  7 5  
2  S up e r  H yd r i d e  T H F 9 0  
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Fi g ur e  1 7 :  C OS Y NM R sp ec t ru m o f  t h e  ch i r a l  a l co ho l  16 7 . .  
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Af t e r  r ec r ys t a l l i z a t i on  f rom  h ex an e  a  s e l ec t ed  s i n g l e  c r ys t a l  o f  a l coh o l  
1 6 7  was  su bmi t t ed  f o r  X - r a y d i f f r a c t i o n  a n a l ys i s .   T h e  re s u l t i n g  X - r a y  
s t ru c t u re  i s  s ho wn  i n  F i gur e  1 8 ,  w i th  b o t h  k e t a l  ox ygen s  a s  w e l l  a s  t he  
h yd r ox y g r o u p  e xo - o r i en t ed  an d  a n  i n t r amo l ecu l a r  hyd r o ge n  b o nd  
b e tw e e n  t h e  h yd r o g e n  o f  t he  h yd r ox y g r o up  an d  a t om  O 13 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  1 8 :  OR TEP  d i ag ram o f  a l coho l  1 67 ,  sh o wi n g  th e  
c r ys t a l l o g r aph i c  n um b er in g .  
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2 .1 .3 .2  α -Benzylat ion react ions  of  es ter  der ivat ives  o f  a lcohol  
167.  
 
T h e  t a r ge t  e s t e r s  we r e  ob t a i n e d  b y d e p r o t on a t i n g  a l c oh o l  1 67  w i t h  Bu Li  
i n  TH F,  fo l l ow e d  by  a d d i t i on  o f  t h e  ap p ro p r i a t e  a c i d  ch lo r id es  ( Sc h em e 
4 8 ) .   A  r a n ge  o f  e s t e r s  w e r e  p r ep a r ed ,  t h e i r  s t ru c t u r es  b e i n g  s e l ec t e d  t o  
d e t e r m i n e  t he  e f f ec t  o f  t h e  s i z e  o f  t h e  R  g r o up  i n  t h e  e s t e r  m oi e t y o n  
a s ym m et r i c  b enz yl a t i on  o f  t h e  e no l a t e .   N o t e  t h a t  t h e  us e  o f  N aH  fo r  
d ep ro t o na t in g  t he  a l coh o l  l ed  t o  o n l y  s t a r t i n g  m at e r i a l  a f t e r  t r e a tm en t  
w i t h  t h e  a c i d  c h l o r i d e .  
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CH3
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T h e  e no l a t e  i n t e rm e d i a t es  w e r e  a ga i n  gen e ra t ed  a t  -78 o C  u s in g  LD A  
( S ch em e  4 9 ) .   A f t e r  s t i r r i n g  f o r  2  h ,  b e nz yl  b r o mi d e  w as  a d d ed  to  t he  
s o l u t i on .   Th e  d i as t e r eom er i c  ex ces s  was  ca l cu l a t ed  f rom  the  i n t eg r a l s  
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o f  t he  s i gn a l s  co r r e s po nd i n g  t o  t h e  2 - H e n d o  nuc l e i  i n  t h e  1 H - NMR 
s p ec t r a  as  we l l  a s  f rom  t he  r e l a t i ve  i n t ens i t i e s  o f  t h e  ca rbon yl  s i gn a l s  
i n  t he  1 3 C - NMR  s p ec t r a  ( F i gu r es  1 9  an d  2 0 ) .   The  s t e r e o co n t ro l  
a c h iev ed  r an ge d  f ro m  mo d e ra t e  t o  goo d  (6 8  %  t o  74  % d . e . )  w i t h  an  
i n c r eas e  i n  s e l ec t i v i t y  co r r e l a t i n g  wi t h  t h e  s i z e  o f  t h e  R - g rou p  in  t he  
e s t e r  m oi e t y ( T a b l e  1 5 ) .  
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T ab l e  1 5 :   D a t a  f o r  b e nz yl a t i on  o f  es t e r  168 
En try  S u b s tr a t e  R  Y i e ld s  (% )  d . e .  (% )  
1  1 6 9a  M e 1 9  6 9  
2  1 6 9b  i -P r  5 1  7 2  
3  1 6 9c  t - Bu  4 2  7 4  
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1 6 9a              1 69b  
 
 
 
 
 
 
 
 
 
 
 
 
1 6 9c  
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  1 9 :  In t eg r a t ed ,  p a r t i a l  1 H- N MR  s p e c t r a  o f  b enz yl a t e d  es t e r s  
( 1 69 a -1 69 c )  s how i n g  th e  2 - H e n d o  s i gna l s  o f  t h e  
d i as t e r eo m er i c  c omp o ne n t s .  
 
 
starting ester
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Fi g ur e  2 0 :  7 5  M Hz  1 3 C -N MR  sp e c t r um  o f  d i a s t e reo m er i c  m ix tu r e  16 9c .   
 
T h e  do u b l i n g  o f  som e  o f  t h e  s i gn a l s  ob s e rv e d  i n  th e  1 3 C -NMR  o f  
e s t e r  1 69 c  i nd i ca t es  t h e  p re s en ce  o f  a  d i a s t e r eom er i c  mix tu r e ,  wi t h  t he  
q u a t e rn a r y C - 3  k e t a l  c a rb on s  s t i l l  i n t a c t  a t  1 17 .3 5 /1 17 .84  p pm  a nd  t h e  
e s t e r  c a rb on yl  c a rb o ns  a t  1 74 .4 6 / 174 . 93  p pm .   Th e  as s i gnm e nt  w as  
f u r t h e r  c o nf i r m ed  b y C O S Y NMR  (F i g .  22 ) .  Benz yl i c  p r o t on s  we r e  
o bs e r v ed  a t  2 .9  ppm ,  co up l in g  w i t h   2 ” - H  f ro m  th e  n e wly  c r e a t e d  ch i r a l  
c a r b on  a t  2 . 5  pp m.    
C-1"
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Fi g ur e  2 1 :  C OS Y NM R sp ec t ru m o f  d i as t e r eom er i c  mix t u r e  1 69 c .  
2"-H
PhCH22-Hendo
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2.2 Camphor-derived hemiaminal  derivatives. 
 
2.2.1 Preparat ion of  3-exo -amino-2-exo -hydroxy-
bornane 171 .  
 
T h e  k no w n a min o  a l c oh o l  1 71 1 3 3 , 1 3 4 , 1 3 5 , 1 3 6  was   p r epa red  i n  t wo  s t ep s  
f r om  c a mp ho rq u i no n e  1 55 .   Wh e n  cam ph or q u in on e  w as  t r e a t ed  wi th  
ex c e ss  h yd r ox yl a m in e  h yd r o c h l o r id e  a nd  p yr i d in e  i n  e t h an o l ,  
m on oox im a t io n  o cc u r r ed  ex c l us iv e ly  a t  C - 3  o f  c am ph o rq u in on e ,  
a f f o rd in g  a  m ix tu re  o f  b o t h  t h e  an t i  a n d  s yn  ox im es  1 70  ( 5 : 1 )  i n  75  % 
yi e l d .   Redu c t io n  o f  t h e  mix tu r e  o f  ox i me s  wi t h  LA H  i n  e t h er  a t  0 o C  
gav e  t h e  i som e r i c a l l y p u r e  3 - e xo - am i no - 2 - ex o -h yd r ox yb o r n a n e  1 70  a s  a  
w h i t e  so l id  in  o v e ra l l  yi e l d  o f  5 2  %  (S c he m e  50 ) .  
NH2
OH
O
O
LAH,  ether
NOH
O
H2NOH:HCl
pyr,  EtOH
anti : syn
5     :    1
155
170
171
 
 
Scheme 50 
Discussion  N.Skiti-Mama  
 
93 
2.2.2 Preparation of the hemiaminal  derivatives  172 
and 173 
 
T h e  h emi am in a l  e th e r  17 2  w as  p r ep ar ed  un d e r  s imi l a r  co nd i t i on s  t o  
t hos e  u s ed  fo r  t he  camph or -der ived  ke t a l s  1 57  a nd  1 5 8 ,  a nd  w as  
o b t a i n ed  a s  a  m ajo r  p r od u c t  t o ge t h e r  wi th  i t s  r egi o i som er  1 7 3  i n  a  r a t i o  
o f  10 : 1  (S c h em e  51 ) .   A l th ou gh  t he se  t wo  co mp ou nds  we r e  bo t h  so l i ds  
a n d  p ro v ed  d i f f i c u l t  t o  s ep a r a t e  b y r e c r ys t a l l i s a t i on ,  t he y w e r e  e a s i l y  
s ep a ra t ed  b y c o l um n  ch r om at o gr ap hy u s i n g  h ex an e / e t hyl  a c e t a t e  (9 : 1 )  
a s  e lu a n t .   
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The  ke t a l s  we re  fu l l y  cha rac t e r i s ed  b y 1 H -  a n d  1 3 C - NMR ,  m ass  
s p ec t rome t ry a s  we l l  a s  e l em ent a l  an a l ys i s .   Th e  1 H-NMR  an d  COS Y 
s p e c t r a  o f  t h e  ke t a l s  s ho w ed  th e  2 ’ - an d  3 ’ - e nd o  p r o to ns  a s  d ou b l e t s  a t  
3 . 59  a nd  3 .9 3  p pm f o r  r e g i o i s om e r  17 2 .  The  p r e s en ce  o f  s i x  s i ng l e t s  
( e a c h  i n t eg r a t i n g  f o r  t h re e  p ro t on s )  c o n f i rms  t h e  p r es e n c e  o f  t wo  
camph or  ske l e t on s .   A  s i gn i f i c an t  d i f f e r ence  be t ween  ke t a l s  1 58 a  a nd  
h emi ami n a l  e t he r  1 7 2  was  t h e  p r es en ce  o f  a  mu l t i p l e t  a t  2 .0 4  pp m in  
t h e  p r o t on  s p ec t rum  o f  1 72  wh i ch  was  as s i gn ed  t o  t h e  am in e  h yd r o gen s .  
 
T h e  mo s t  s t a b l e  c o n fo rm e rs  o f  t he  t wo  h em ia mi na l  d e r i v a t i v es  as  
o p t imi sed  a t  t h e  DFT  l ev e l  ( B3 LY P /6 - 31 G *)  a r e  s ho wn i n  F i gu r e  2 2 .   
In  b o t h  co mp ou nd s ,  t h e  am in o  h yd r o ge n  i s  i n  a  t r an s  r e l a t i on sh ip  wi th  
t h e  c a r bo n yl  ox yg e n .   T h e  s t ru c t u r e  o f  1 73  was  as s i gn ed  as  s ho wn 
r a th e r  t h an  as  17 3’  on  t he  bas i s  o f  compu ted  en e rgy d i f fe r ences  At  t h e  
D FT  l e v e l  s t ru c t u r e  1 73 ’  i s  a lm os t  1 6  kJ / mol  l es s  s t ab l e  t h an  17 3 .  
 
T h e  s t r u c t u r a l  a s s i gnm en t s  w er e  su p po r t e d  b y c o m p a r i so n  o f  t he  
o bs e r v ed  1 3 C -NMR ch emi ca l  s h i f t s  w i t h  Ch emDr aw es t im at e s  an d  DFT 
c o mp ut ed  v a l ue s  (T a b l e  16 ) .   In  s om e  cas e s  Ch emD r aw v a l u es  d i f f e r  
s i gn i f i c an t l y f r o m  t he  ob se r v ed  ch em ica l  sh i f t s  fo r  bo th  hemi ami n a l  
e t her s ,  wh i l e  t he r e  i s  a  be t t e r  gene ra l  co r re spondence  w i t h  t h e  DFT 
v a lu es .   
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T abl e  1 6 :  O b s er v ed  a nd  c om pu t e d*  1 3 C - NM R ch emi ca l  s h i f t s #  f o r  
r eg i o i som er i c  h emiami n a l  e th e r s  1 72  an d  1 73   
 
                 H e miami n a l  e th e r  1 72             H e mia mi na l  e th e r  17 3  
Nucl eus  C h em Dr aw DFT O b s er v ed  C h em Dr aw DFT O b s er v ed  
C - 1  4 4 .2  5 4 .6 8  4 4 .1 4  4 0 .1  5 0 .1 3  4 1 .3  
C - 2  2 0 1 . 2  2 0 8 . 16  2 1 7 . 24  1 0 9 . 2  9 7 .9 8  9 8 .4 1  
C - 3  1 1 9 . 1  9 7 .0 0  9 8 .2 8  2 1 3 . 9  2 0 6 . 18  2 1 6 . 56  
C - 4  5 1 .0  4 7 .2 5  4 9 .6 9  5 4 .8  5 2 .9 8  5 3 .7 9  
C - 5  2 2 .8  2 4 .6 2  2 6 .4 5  1 7 .7  2 4 .1 7  2 7 .0 4  
C - 6  2 7 .4  3 3 .1 2  3 2 .2 4  3 1 .8  3 2 .0 1  2 2 .8 1  
C - 7  3 5 .4  4 7 .2 5  4 7 .9 6  2 8 .3  4 8 .6 2  4 5 .7  
C - 8  2 2 .1  2 2 .5 2  2 3 .4 2  2 2 .1  2 2 .4 2  2 3 .5  
C - 9  2 2 .1  2 2 .6 0  2 2 .6 5  2 2 .1  2 1 .2 1  2 2 .3 6  
C - 10  1 1 .1  1 2 .6 3  1 1 .9 0  1 5 .9  1 2 .5 8  1 1 .7 4  
C - 1’  5 6 .6  5 0 .4 8  4 7 .9 6  4 5 .5  4 8 .7 8  4 6 .6 7  
C - 2’  8 4 .6  8 6 .7 8  8 7 .9 0  8 4 .3  8 9 .0 9  8 8 .5 5  
C - 3’  5 2 .3  6 8 .6 9  6 8 .6 8  5 2 .2  6 6 .3 8  6 7 .1 6  
C - 4’  4 5 .6  4 9 .8 2  4 8 .5 8  4 5 .6  5 0 .2 9  4 7 .8 2  
C - 5’  4 5 .5  2 9 .0 3  3 1 .0 6  1 8 .8  2 9 .9 3  3 2 .5 6  
C - 6’  3 0 .3  3 4 .3 0  3 2 .8 4  3 0 .3  3 4 .5 3  3 1 .1 9  
C - 7’  1 8 .8  4 9 .4 8  4 6 .7 8  4 5 .6  4 9 .5 5  4 5 .5 6  
C - 8’  1 9 .8  2 1 .3 6  2 0 .8 8  1 9 .8  2 1 .6 3  2 1 .3 7  
C - 9’  1 9 .8  2 3 .9 4  1 9 .6 0  1 9 .8  2 4 .2 6  2 0 .8 3  
C - 10 ’  1 3 .3  1 3 .9 9  9 . 77  1 3 .6  1 3 .8 0  9 . 8  
*  B 3 L Y P / 6 - 3 1 G *  
#  I n  p p m  
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a )  
     
 
 
 
 
 
 
 
 
 
 
 
 
 
b )  
 
     
 
 
 
 
 
 
 
 
 
 
F i g ur e  2 2 :   C om put ed  s t r u c tu r es  o f  h emi ami n a l  d e r i va t i ve s  a )  1 72  
a n d  b )  17 3 .   
 
T h e  p re s en c e  o f  a  s in g l e  c a rb on yl  c a r b on  s i gn a l  a t  21 7 .0 4  pp m  i n  t h e  
1 3 C -NMR  s pec t rum con f i rms  th a t  mo no -k e t a l i z a t io n  o f  cam ph orq u in on e  
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ha s  occu r red  and  t h e  fo rm a t ion  o f  t he  C -3  hemi amina l  de r i va t i ve  i s  
s up po r ted  b y t h e  s ign a l  a t  98 .2 8  pp m (F i gu r e  2 4 ) .  
 
R ec r ys t a l l i z a t i on  o f  t h e  k e t on e  17 2  f ro m  h ex a ne  a f f o rd ed  c r ys t a l s  t h a t  
w e r e  s u i t a b l e  f o r  X - r a y a n a l ys i s .   T he  O R TE P  d i a gr am  o f  t he  s t r u c t u r e  
s ho wn i n  F i gu r e  23  sh o ws  th e  ex p ec t ed  s t ru c t u re .   I t  i s  no t ab l e  t h a t  t h e  
s e c on d ar y b o r n yl  r i n g  ( i . e . ,  c on t a in i ng  t h e  h em i ami na l  m oi e t y)  a d o p t s  
t h e  o r i en t a t i on  whe re  t he  CMe 2  b r id ge  i s  a n t i  t o  t h e  c a rb o n yl  g r o u p  in  
t h e  p r im a r y b o r n yl  s ys t e m,  wh ich  co n t r as t s  wi t h  th e  c o r r es po nd in g 
k e t a l  16 7 ,  wher e  t he  C M e 2  b r i d ge  i s  syn  t o  t h e  h yd r o x yl  g r o u p .   T h e  N -
H  b o nd  f u r th e rm o re  a d o p t s  a  t ra ns  r e l a t io ns h ip  w i t h  t h e  C - 2  ca rb on yl  
ox ygen  an d  h en ce  no  h yd r o gen  bo nd ing  i s  ob s er v ed .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  2 3 :   OR TEP  d iagr am o f  t h e  h emi am in a l  e the r  17 2 .  
Discussion  N.Skiti-Mama  
 
98 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  2 4 :  1 H-  a n d  1 3 C - NMR s p ec t r a  o f  hemiami n a l  e t he r  1 72  i n    
C DCl 3 .  
 
2' and 3'-H
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2 .2 .3  Reduction of ketone  172 
 
St e r eo s e l e c t i v e  r e du c t io n  o f  k e t on e  1 72  t o  p roduce  t he  a l coho l  17 4  was  
a t t empt ed  wi th  a  r ange  o f  r educ i n g  agen t s  (Schem e  52 ) .   N a BH 4  a n d  L-
S e l ec t r i de  f a i l ed  t o  p rod uce  t he  r equ i r ed  a l co ho l ,  wi th  on l y un reac t ed  
s t a r t in g  m a t e r i a l  be i n g  i s o l a t ed  in  b o t h  cas e s .   S u ccess fu l  r ed u c t i on  o f  
k e to n e  1 72  w a s  ach i ev ed  w i t h  LA H  a n d  wi th  Su p er -H yd r i d e ® .   Th e  
p r od u c t  w as  s ep a ra t e d  f r om  un r e a c t ed  s t a r t i n g  m at e r i a l  u s i n g  c o l umn 
c h r om at o gr ap h y w i t h  h ex a n e / e t h yl  a c e t a t e  ( 9 : 1 )  a s  e l u an t  a n d  t h e  
s t ru c t u re  c on f i rm ed  us in g  N MR  s p e c t r os co p y a n d  m a ss  s p e c t ro me t r i c  
met hods  as  we l l  a s  e l em en ta l  ana l ys i s .   In  v i ew  o f  t he  fac t  t ha t  i n  t he  
p r ev ious  s ys t ems  (ke to  ke t a l s  157 a  a nd  1 58 a ) ,  LA H  a n d  S up e r -
H yd r i d e ®  r edu c t i o ns  r e su l t ed  ex c l us iv e l y i n  a l co ho l s  w i t h  a  h yd r o x y 
g r o u p  t h a t  i s  e x o  o r i en t ed ,  i t  i s  p r es um e d  t h a t  r ed u c t i on  o f  k e to ne  1 72  
p r od u c es  th e  ex o - a l co ho l  17 4 .      
 
H
N
O
O
172
H
N
O
174
H-
OH
 
 
Scheme 52 
 
A s i mi l a r  p a t t e rn  t o  t h a t  ob s e rv ed  in  t h e  C OSY NMR  o f  a l coh o l  16 7  
w as  a l so  s een  i n  a l coh o l  17 4  (F i gu re  2 5 ) ,  wi th  2 -H e n d o  r e s on a t in g  a t  
3 . 06  pp m.   T h e  k e t a l  mo ie t y was  i n d ica t ed  b y t h e  t wo  do u b l e t s  a t  3 . 60  
p pm  ( J  =  7 .5  Hz )  fo r  2 ’ - H e n d o  3 .2 3  p pm  ( J  =  7 .5  Hz )  f o r  3 ’ - H e n d o  w i th  
NH  p r o t on  c ou p l ing  w i t h  bo th  4 ’ -H  an d  4 - H
.
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F i g ur e  2 5 :   C OS Y N MR sp e c t ru m o f  a l c oh o l  17 4 .   
2'  and  3'
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2.2.4  Preparat ion of es ter  derivatives  of  chiral  alcohol 
174. 
 
T w o  e s t e r  d e r i va t i v es  (v i z .  p ro p an o i c  an d  2 -m et h yl p r o p an o i c )  w e re  
p r e p ar e d  us i n g  t h e  m et ho d  d es c r i b ed  ea r l i e r .   D e p r o t on a t i on  o f  a l co ho l  
1 7 4  w as  a c co mp l i s h ed  w i t h  Bu Li ,  fo l l owe d  b y t h e  a d d i t i o n  o f  t h e  
a p p ro p r i a t e  a c id  ch lo r i d e  (S c h em e  53 ) .   Th e  es t e r s  were  pu r i f i ed  b y 
c o lum n  ch r om ato gr a p h y a n d  1 3 C-NM R spec t r os cop y i nd i ca t ed  t he  
p r e s en ce  o f  t he  e s t e r  c a rbon yl  c a rbons .   The  1 H - NM R  s pe c t ru m  ( Fi gu r e  
2 6 )  r e v e a l ed  t h e  am in e  p ro to n  a t  2 .0 4  p pm  an d  th e  2 ’ - e n do -3 ’ - en do  
p r o t on s  a t  4 .5 5  and  3 .6 3  p pm,  r e sp ec t i v e l y.   T h e  s i gna l  f o r  2 -H e n d o ,  
wh ich  r es on a t e s  a t  3 . 05  i n  t h e  a l co ho l  i s  ob se r v ed  a t  5 .4 0  ppm  f o r  t h e  
e s t e r .   The  2”-CH 2  p r o t on s  r es on a t e  a s  a  q ua r t e t  a t  2 .2 2  pp m  d u e  to  t he  
p r e s en ce  o f  ad j acen t  3” -CH 3  p ro to ns  wh ich  a r e  ev i d en t  a t  1 .1 5  pp m.  
H
N
O
175
O
BuLi
THF
#
R Yields
-CH3
-CH(CH3)2
175a 28%
3%
H
N
O
174
OH
H
N
O
O-Li+
RCOCl
O
R
175b
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Fi g ur e  2 6 :  1 H  NMR  s p ec t ru m o f  e s t e r  1 75 a  i n  CDCl 3 .   
 
2 .2 .5  Benzylation of es ter  175a 
 
Due  to  t he  l ow  yi e ld  o f  e s t e r  1 75b  ( 3%) ,  a lk yl a t i on  was  ex p l o r ed  us i n g  
e s t e r  17 5a .   The  en o l a t e  i n t e rm ed i a t e  was  gene ra t ed  a t  - 78  o C  us in g  
LD A  ( S c h e m e  54 )  a n d  th e n  t r e a t e d  w i th  b enz yl  b r om id e .  Wo r ku p ,  
f o l l o w e d  b y p r e p a r a t i v e  l aye r  c h r o m at o gr a p h y a f f o r d e d  es t e r  17 6  i n  25  
% yi e l d .   T h e  do ub l i n g  o f  s i gn a l s  obs e r v ed  i n  th e  1 3 C -NMR  sp ec t r um 
i nd ic a t ed  t h e  f o rma t i on  o f  a  d i a s t e reo m er i c  mix tu r e ,  w h ich  we  w e re  
u n ab l e  to  s ep a r a t e .   Th e  d i as t e r e om e r i c  ex c e ss  (2 2  %  d . e . )  w as  
ca l cu l a t ed  f r om  th e  r e l a t iv e  in t ens i t i es  o r  h e i gh t s  o f  t h e  s i gn a l s  
co r r es pond ing  t o  t he  ca rbon yl  c a rbo n  a s  we l l  f r om the  2 -H e n d o  s i gn a l s .   
F i gu re  2 7  s ho ws  an  ex p a ns i on  o f  t h e  2 -e nd o  p ro to n  s i gn a l s  fo r  t h e  t wo  
d i as t e r eo m er s .   
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Scheme 54 
            
 
 
 
 
 
 
 
 
 
Fi g ur e  2 7 :  P ar t i a l  1 H - NMR  sp e c t r um  o f  t h e  a lk yl a t e d  p r od u c t  17 6 ,  
s ho wi n g  in t eg r a t ed  s i gn a l s  co r r es po n d in g  t o  t h e  2 -H e n d o  
n u c l e i  o f  t h e  d i as t e r e om e r i c  p r od u c t s .  
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2.3  Camphor-derived thioketals  as chiral  auxiliaries .   
 
A ggar w a l  e t  a l . 1 3 7 , 1 3 8  h a v e  s yn t he s i z e d  tw o  d i f fe r e n t  c a mp ho r  
t h i ok e t a l s  17 7  an d  1 7 8  f r om  c am ph o r  a n d  us ed  t h e m  as  ch i ra l  c a t a l ys t s  
i n  t h e  as ym m et r i c  e p ox id a t i on  o f  a ld e h yd e s  ( S ch em e  5 5 )  w i th  goo d  
e n a n t i o co n t ro l . 1 3 7  
   
 
PhCHO + CH3CHO
177 or  178
Cu(acac)2 CH3
O
Ph
177 178
179
S
O
R
S
O
R  = H
OMe
 
  
 
 
Scheme 55 
 
A l t ho u gh  th e  e pox id e s  w e r e  o b t a i ne d  in  h i gh er  yi e ld  w he n  1 ,4 -
ox a t h i an es  1 77  we re  u s ed ,  bu t  b e t t e r  d i as t e r eos e l ec t i v i t y  an d  
enan t i os e l ec t i v i t y  was  ach i ev ed  w i th  1 ,3 - ox a th i ane  1 78 .   T h e  h i gh e r  
y i e l d  w as  a t t r i bu t ed  t o  t h e  g r e a t e r  s t ab i l i t y  o f  17 7  c om pa r e d  t o  1 78 .  
 
N a k a no  e t  a l . 1 3 9  a l so  dev e l op e d  c amp h or  t h i ok e t a l  b ased  l i gand s  18 0  
a n d  18 1  a nd  u s e d  t h em  i n  a s ym m et r i c  a l l yl i c  a l k yl a t i on  r e a c t i on s  a nd  
i n  Di e l s - Al d e r  r eac t io ns . 1 4 0  In  t h e  l a t t e r  r e ac t i ons  t he  s e l ec t i v i t y  o f  t h e  
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r eac t i on  co r r e l a t ed  w i t h  t he  s t ab i l i t y  o f  t h e  l i gan d  whe r e  l i gan d  1 80  
w a s  f ou nd  t o  b e  m or e  s t ab l e  t h an  1 81 ,  h e n c e  m o r e  se l e c t iv e .  
  
 
O
S
PPh2
O
S
PPh2
H
180 181
 
 
2.3.1 Preparat ion of thioketals  185 and 186 .  
 
Fo l l ow in g  th e  p r o ce d u r e  d ev e l op e d  by  E l i e l  e t  a l . 1 4 1  fo r  t h e  s yn t h e s i s  
o f  c amp h or - d er iv ed  t h i o l s ,  t h e  h yd r ox yt h io l  1 8 3  w as  s yn t h e s i s e d  b y  
LA H  r e d u c t i on  o f  c a m ph or  s u l fo n yl  c h lo r i d e  1 82  f r e sh l y  p r epa red  f rom 
r e a c t i n g  c am ph o rs u l fo n i c  a c i d  w i t h  p h os ph or ou s  p e n t a c h l o r i d e  i n  
d i e th yl  e t h e r  (S c h em e  5 6 ) .   T h e  2 -exo - h yd r ox yt h i o l  1 83  w as  s ep a r a t ed  
f r om  i t s  en do  i so m e r  b y c o l u m n  ch r om at o gr a ph y a n d  c ha r a c t e r i s e d  b y 
N MR  s p ec t ro scop y.  
 
Ke t a l i z a t i o n  o f  cam ph o rq u in on e  wi t h  t h e  exo -h yd rox yt h io l  18 3  us i n g  
t h e  p ro c ed u r e  d eve l op e d  e a r l i e r  f o r  t h e  f o r m at i on  o f  ke t a l s ,  a f f o rd e d  
t w o  th io k e t a l s  1 85  a n d  18 6  i n  eq u a l  am ou n t s .   A l th ough  w e  ea r l i e r  
r e p o r t ed  th e  f o rm at io n  o f  o n l y  o n e  r e g i o i s om er  1 85  i n  t h i s  r eac t ion 1 4 2  
( T LC  o f  t h e  c r ude  p ro du c t  s ho w ed  th e  p r es e n ce  o f  t h io ke t a l  18 5  
t o ge t h e r  wi th  o th e r  im pu r i t i e s  wh i ch  co u l d  no t  b e  id en t i f i ed  b y NM R )  
i t  w a s  l a t e r  d i s cove r e d  t h a t  w he n  t h e  r e a c t i on  t i m e  w as  i n c r e a s ed  f ro m  
4  h  t o  2 4  h  a  s e co n d  r e g i o i s om e r  18 6  w as  ob t a i n ed  as  w e l l .   A f t e r  
r e p e a t e d  c o lu mn  ch r om at o gr ap h y o f  t h e  c ru d e  p ro du c t ,  t h e  t wo  mo no -
t h i ok e t a l s  w e r e  bo th  ob t a i n ed  as  w h i t e  so l i ds  i n  3 5  %  yi e l d s .    
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Scheme 56 
 
T h e  s t ru c t u re s  o f  t h e  t w o  r e gi o i s om ers  18 5  an d  1 86  w e re  ex am in ed  b y  
N MR  sp ec t ro s co p y.   Th e  p a i r  o f  d oub l e t s  a t  2 . 56  an d  3 . 6 2  pp m in  t he  
C OS Y sp ec t r um ( F i gu r e  2 7 )  o f  t he  t h i ok e t a l  18 5  w e r e  as s i gn e d  t o  t h e  
d i as t e r eo to p i c  1 0’ - m et h yl e n e  p ro t on s  a nd  t h i s  as s i gnm en t  w as  
s up po r t ed  b y t h e  H E TC OR  s p e c t rum o f  1 85  s i n c e  t h ese  d ou b l e t s  a r e  
c o nn e c t ed  t o  t h e  s am e  ca r bo n .    
 
T h e  m aj o r  d i f f e r enc e  b e t w e en  th e  t wo  r e g io i so mer s  i s  t h e  p os i t i on  o f  
t h e  4 - H  n u c l e i  w h i c h  r e s on a t e  a t  2 . 01  p p m  f o r  i som e r  1 85  a n d  2 . 41  p pm 
f o r  i s om e r  18 6  ( T ab l e  17 ) .  
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S ur p r i s in g l y,  a  l a rge  d i f f e r en c e  i n  ob s e rv e d  fo r  t h e  che m i c a l  s h i f t  o f  
t h e  e nd o -2 ’ -p r o to n  w hi c h  r e so n a t es  a t  4 .3 8  p pm  fo r  c o mp ou nd  185  
( F i gu r e  28 )  an d  a t  3 . 51  fo r  c om po un d  1 8 6  ( F i gu r e  2 9 )  and  th i s  mi gh t  b e  
d u e  t o  t h e  p r ox imi t y o f  t h i s  p r o t on  to  t h e  C -2  c a rb on yl  g r ou p  i n  t h e  
k e to n e  18 5 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  2 8 :  C OS Y NM R sp ec t ru m o f  t h i ok e t a l  185  
 
10'-CH2
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10-CH3
O
S
O
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F i g ur e  2 9 :   C OS Y NMR sp ec t ru m o f  t h i ok e t a l  186  
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T abl e  1 7 :   3 00  M Hz  1 H-  and  75  MHz  1 3 C - NMR  ch emi ca l  s h i f t s a  fo r  t he  
t h i ok e t a l s  18 5  and  1 8 6 .  
 
Nucleus  
 
Thioketal  185 
 
Thioketal  186 
1 H  ch e mi ca l  sh i f t s    
8 - ,  8 ’ - ,  9 - ,  9 ’ - ,   10 -
C H 3   
0 . 88 ,  0 . 90 ,  0 .94 ,  
0 . 96 ,  1 .2 9  (1 5H,  
5x s )   
0 . 92 ,  0 .9 8 ,  1 . 01 ,  
1 . 13 ,  1 . 19  (1 5H,  
5x s )  
1 0 ’ -C H 2  
2 . 56  and  3 . 62  (2H ,  
2x d)  
2 . 41  and  3 . 47  (2H,  
2x d)  
5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2  0 . 99 -1 .7 7  (8H,m ) b  1 . 42 -1 .8 3  (8H,  m) b  
4 -H ,  4 ’ -H 2 . 20 ,  1 . 82  (2 H,  d )  2 . 41 ,  1 . 84  (2 H,  s )  
2 ’ -H  4 . 27  ( 1 H,  d d)  3 . 61  ( 1 H,  d d)  
1 3 C  ch e mi ca l  s h i f t s    
C - 10 ,  C - 10 ’  9 . 74 ,  25 .8 1  1 0 .0 5 ,  2 8 . 22  
C - 9 ,  C -9 ’  2 0 .3 2 ,  2 1 . 96  2 0 .9 7 ,  2 3 . 19  
C - 8 ,  C8 ’  2 3 .4 9 ,  2 0 . 39  2 0 .4 9 ,  2 0 . 70  
C - 7 ,  C -7 ’  4 6 .8 7 ,  4 6 . 85  4 7 .5 0 ,  4 8 . 16  
C - 6 ,  C -6 ’  3 3 .6 9 ,  3 1 . 56   3 0 .5 7 ,  3 1 . 14  
C - 5 ,  C -5 ’  2 2 .4 3 ,  3 1 . 56  2 2 .3 9 ,  2 7 . 20  
C - 4 ,  C -4 ’  5 4 .9 8 ,  4 5 . 45  5 8 .6 4 ,  4 4 . 79  
C - 3 ,  C -3 ’  7 8 .9 0 ,  3 8 . 23  8 7 .1 8 ,  3 7 . 28  
C - 2 ,  C -2 ’  2 1 3 . 26 ,  78 .9 0  2 1 5 . 26 ,  80 .9 1  
C - 1 ,  C -1 ’  3 9 .2 0 ,  4 1 . 00  4 3 .3 5 ,  4 7 . 50  
 
a
 In  pp m.  
b
 Com pl ex  m ul t ip l e t s .  
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A l t ho u gh  N MR  da t a  c l e a r l y s h o ws  t h a t  1 85  and  18 6  a r e  mo no -
t h i ok e t a l s ,  t h e i r  s t e r eo ch emis t r y co u ld  no t  b e  es t ab l i shed .   Fo r  t h i s  
r ea s on ,  X- ray d i f f rac t i on  ana l ys i s  fo r  compou nd  1 85  w as  un d er t ak e n .   
S u i t ab l e  c r ys t a l s  were  o b t a i n ed  f rom  recr ys t a l l i z a t io n  f rom  p e t ro l eum 
e t h er  (4 0 -6 0 o C) .   Th e  mol ecu l a r  s t ruc tu re  an d  abs o lu t e  con f i gura t i on  o f  
t h i ok e t a l  1 85  i s  sho wn in  F i gu re  30 .    
 
 
 
 
 
Fi g ur e  30 :  An  ORTEP  v i ew o f  t h e  m ol ecu la r  s t ru c t u r e  o f  
t h i ok e t a l  1 85  s ho wi n g  c r ys t a l l o gr ap h ic  nu mb e r i n g .  
 
 
Discussion  N.Skiti-Mama  
 
111 
The  s t ru c t u re  r evea l s  t ha t  t he  su l fu r  a tom  i s  l oca t ed  a t  t h e  en do  
pos i t i on  and  t he  ox ygen  a t om  a t  t he  exo  po s i t i o n  on  th e  p r i m ar y  
b o rn a n e  r in g  w i t h  th e  n e wl y f o r m ed  s ix  m em b ere d  k e t a l  r i n g  a do p t i n g  a  
c h a i r  c on f orm at i on .   T h e  th io k e t a l  oxyg e n  i s  c on f i rm e d  t o  b e  exo  w i th  
r e s p ec t  t o  t he  s econda r y bo rnyl  s ys t em .  The  two  bo rn ane  ske l e tons  
h a v e  s im i l a r  geom et r i e s  a nd  s ho w no  un us u a l  f e a t u r es .    
 
U n f or tu n a t e l y r e p e a t e d  r e c r ys t a l l i z a t io n  o f  t h io k e t a l  18 6  wi t h  a  va r i e t y  
o f  s o l ven t s  f a i l ed  t o  p roduce  c rys t a l s  s u i t ab l e  fo r  X- ra y ana l ys i s ;  hence  
a  s t ru c tu r e  w as  p r op os e d  f ro m an  an a l ys i s  o f  v ar i ou s  po ss i b l e  
s t ru c t u re s  comp ut ed  a t  DFT  l ev e l  ( s ee  S ec t io n  2 . 6 ) .   F igu re  3 1  sh o ws  
t h e  p ro pos e d  c on f igu r a t i on  o f  t h io k e ta l  1 86 .    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  3 1 :  C om put ed  s t ru c t u r e  o f  th i ok e ta l  18 6 .   
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2.3.2 Reduction of  thioketals  185 and 186  
 
T h e  r e du c t io n  o f  t h io k e t a l s  1 85  a n d  1 8 6  u s i n g  LAH i n  e t h e r  o r  T HF 
a f fo rd ed  t h e  a l coho l s  1 87  and  1 88  a s  whi t e  so l i d s  i n  good  yi e l ds  
(S ch em e  57 ) .   T h e  p u r i t y o f  t h e  s t a r t i n g  t h i ok e t a l s  was  c ru c i a l ,  s i n ce  
t h e  co r re spond i n g a l co ho l s  18 7  an d  1 88  ex h i b i t ed  v e r y s im i l a r  
p o l a r i t i es ,  t h us  p r e c lu d i n g  t he i r  sep a r a t io n  b y m e a n s  o f  c o l umn 
ch romat o graphy.  Bo t h  a l co ho l s  were  s epa ra t ed  f rom t h e i r  s t a r t i ng  
ke tones  b y co l umn  ch roma tograph y and  t he i r  s t ru c tu r e s  con f i rmed  
u s i n g  N MR  s pe c t r os c op y a n d  m as s  sp ec t ro m et r y.    
S
O
188
OH
LAH
LAH
O
S
O
185
S
O
187
HO
S
O
186
O
 
Scheme 57  
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T abl e  1 8:   LAH reduc t i on  o f  ke tones  1 85  an d  186 .  
 
 
S u b s tr a t e  
 
S o lv en t  
 
Y i e ld  (% )  
1 8 7  THF 6 0  
1 8 7  Et 2 O 6 1  
1 8 8  THF 5 2  
1 8 8  Et 2 O 5 7  
 
2.3.3 Benzylat ion of  the esters  derived from alcohols 
187 and 188. 
 
D u e  t o  d i f f i cu l t i e s  e n c ou n t e r ed  d u r i n g t he  sep a r a t i on  o f  t h io - ke t a l s  18 5  
a n d  18 6  wh i ch  r es u l t e d  in  o n l y  m o d e r a t e  yi e l d s ,  w e  e x ami n ed  th e  
s t e r eo fac i a l  s e l ec t i v i t y a f fo rded  by t h es e  ch i r a l  aux i l i a r i e s  on l y  
t h ro u gh  a lk yl a t i on  o f  t h e  p ro pa n oa te  e s t e r .   Th e  p r ep a r a t io n  o f  t h e  
p r op a no a t e  es t e r  i s  o u t l i n ed  i n  S c heme  58 .    
 
D e p ro to n a t i on  o f  t h e  a l co ho l s  wi th  Bu Li ,  t o  f o rm  t h e  a l kox i d es  w as  
f o l lo w e d  b y a c yl a t i o n  w i th  p ro pa no yl  c h lo r i d e  g i v in g  p rop a no a te  es t e r s  
1 8 9  an d  1 90 .   T he  en o l a t e  in t e rm ed i a t es  o f  t h es e  e s t e r s  we re  t hen  
fo rm ed  i n  THF us in g  LDA a t  - 7 8 o C ,  a n d  a l k yl a t i on  w a s  e f f e c t ed  b y t h e  
ad d i t io n  o f  benz yl  b romi d e .  
 
The  C OS Y NMR  spec t rum o f  es t e r  1 9 0 ,  sh ows  t he  2 ’ - H e n d o  nu c l eus  
r e s on a t in g  a s  a  d ou b l e t  o f  do ub l e t s  a t  3 .7 5  p pm  d ue  t o  c o up l in g  w i th  
t h e  d i as t e r eo to p i c  3 ’ -C H 2  hyd rogens .  The  p r es en ce  o f  a  p rop ano ic  e s t e r  
m oi e t y i s  s up po r t ed  b y a  t r ip l e t  a t  1 .2 1  pp m i n t egra t in g  fo r  t h ree  
p ro t on s  (3 ” -C H 3 ) ,  an d  a  s i gn a l  a t  2 . 46  ppm  i n t egra t in g  fo r  t wo  p ro to ns  
( 2 ” -C H 2 ) .  
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Scheme 58 
Di as t e r eos e l ec t iv i t y  was  de t e rmi n ed  a s  befo re  f rom t h e  1 H-NMR 
i n t egra l  r a t i o  o f  th e  2 -e nd o  p ro t on s  a t  a bo u t  4  p pm  f o r  es t e r  1 91 .   
Howeve r ,  f o r  d i as t e r eom er  19 2  o n l y o n e  s in g l e t  w as  o bs e r v ed  a t  4 . 65  
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p pm ;  t he  p oss ib i l i t y t h a t  on l y o n e  d i as t e r eo m er  was  fo rm ed  d u r i n g 
b e nz yl a t i on  w as ,  ho w e v er ,  d i s co un t ed  a s  a  r es u l t  o f  do ub l in g  o f  s i gn a l s  
i n  t h e  1 3 C-NM R  sp e c t r um  ( Ap p en d ix  6 . 5 ) .   In  v i ew  o f  t h e  ch em ica l  
equ i va l ence  o f  t he  3 - e nd o  p ro to ns  i n  t h i s  ca s e ,  t h e  d i as t e r eo m er i c  
ex c e ss  w a s  d e t e rm in ed  f ro m th e  re l a t iv e  i n t en s i t i e s  o r  h e i gh t s  o f  
s e l ec t ed  s i gn a l s  i n  t he  1 3 C -NMR  s pec t r um.   T ab l e  19  s hows  the  yi e l ds  
and  d i a s t e r eom er i c  ex ces s es  fo r  t he se  r eac t i ons .   
 
T abl e  1 9 :  α -Benz yl a t i on  r eac t i ons  o f  es t e r s  189  an d  190 .  
D i as t e re o me r  Y i e ld  (% )  d . e .  (% )  
1 9 1  3 1  1 0  
1 9 2  4 3  6  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g ur e  3 2 :  C OS Y NM R sp e c t ru m o f  es t e r  1 90 .  
10-CH2 2"-CH2 and 4-H
3"-CH3
2'-H
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2.4.   Asymmetric  reduction of  α-keto carboxylic  acid 
derivatives.  
 
A s ym m et r i c  r ed u c t i on  o f  α -ke t o  ca rbox yl i c  ac i ds  t o  fo rm ch i r a l  α -
h yd r ox y a c i d s  c on s t i t u t e s  an  i mp or t an t  a r e a  o f  o rgan i c  s yn t h e s i s  
becaus e  man y b i o log i ca l l y ac t i v e  mol ecu l es  co n t a i n  t h i s  func t i on a l i t y  
a r r a y.   In  mos t  c ase s  t he  enan t iopu r i ty  o f  t h e s e  comp oun ds  beco mes  a  
k e y f ac t o r  i n  t h e  t o t a l  s yn t h es i s  a  o f  t a rge t  mol ecu l e ;  h en ce  the  
a s ymmet r i c  s yn t hes i s  o f  t h es e  mo lecu l e s  becomes  a  b i gge r  cha l l enge .  
 
C h en  e t  a . 1 4 3 , 1 4 4  deve loped  a  p rocedu re  o f  a t t ach i n g   a ch i r a l   α -ke to  
ca rbox yl i c  ac i d  de r iva t i ve s  on  t o  a  ch i r a l  aux i l i a ry  fo l l owed  by 
s t e r eos e l ec t i ve  r edu c t ion  t o  a f fo rd  t he  ch i r a l  α -hyd rox y e s t e r .   A f t e r  
t h e  r eac t i on ,  t h e  ch i ra l  aux i l i a ry  cou l d  be  eas i l y  r emoved  t o  g ive  t he  
r equ i r ed  α -hyd rox y ac id  (Schem e 59 ) .   
 
The  ch i r a l  aux i l i a ry  1 9 3  w a s  s yn t h e s i s e d  in  fo u r  s t e ps  f ro m k e t op i n i c  
ac i d . 1 4 4   Th e  ke t o  ac i ds  we re  a t t a ched  t o  t h e  ch i r a l  aux i l i a ry u s i n g  a  
s t an da rd  p ro cedu re  fo r  ac yl a t i on .   Asym m et r i c  r ed uc t i on  was  i n i t i a l l y  
ca r r i ed  ou t  wi th  NaBH 4  and  BH 3 .   Red u c t i on  o f  t h e  α -k e to  es t e r  194  
w i t h  NaBH 4  p ro ceed ed  wi th  a  l o w d i as t e r eo m er i c  ex ces s  (20  % d . e .  
w i t h  19 5  t h e  maj o r  d i as t e r eomer ) .   Howeve r ,  a  ve r y h i gh  
d i as t e r eo s e l ec t i v i t y  (u p  t o  9 2  % d . e . )  was  ob t a in ed  wh en  L-S e l ec t r i de  
was  us ed .   Th e  r edu c t io n  wi t h  L-S e l ec t r i d e  was  fo un d  to  b e  d ep en d en t  
on  t h e  so lven t  u s ed  and  t he  p r es en ce  o f  add i t i ves  (Tab l e  2 0 ) .   Th e  bes t  
r e s u l t s  were  o b t a ined  in  C H 2 Cl 2  c on ta i n in g  1 8 - c ro w n-6 .   T h e  r e mo v al  
o f  t he  ch i r a l  aux i l i a r y was  ach i ev ed  us in g  Li OH i n  THF/H 2 O.  
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T abl e  2 0 :  A s ym m et r i c  r ed u c t io n  o f  α -k e to  es t e r s  1 94  u s i n g  L-
S e l ec t r i d e . 1 4 4  
 
R ’  Addi t i v es  S o lv en t  Y i e ld  (% )  
1 9 5: 19 6  
r a t i o  
P h n o ne  THF 9 2  9 7 .5 : 2 . 5  
Me n o ne  THF 9 2  9 5 .0 : 5 . 0  
E t  n o ne  THF 9 2  9 9 .0 : 1 . 0  
P h  n o ne  t o l uen e  7 7  6 9 .0 : 31 .0  
P h  HMP A t o l uen e  5 8  9 9 .5 : 0 . 5  
Me 18 -c rown-6  C H 2 Cl 2  9 5  9 9 .0 : 1 . 0  
 
R'
Cl
O
O
ORPh
Ph
193
R
193 a
193 b
H
R
ORPh
Ph
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OH O
O
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O
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R'
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Scheme 59  
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2.4.1 Camphor-derived hydroxy ketals  as  chiral 
auxil iaries  in asymmetric reduction. 
 
2 .4 .1 .1 Preparat ion of  α -keto  es ters  198.  
 
A c yl a t io n  o f  a l co ho l  1 59  w i t h  b enz o yl f o rmi c  a c id  ch lo r id e  i n  T H F a t  0  
o C  fo l l owed  by r e f l ux  fo r  2  h  a f fo rded  t he  α -k e t o  es t e r  1 9 8a  a s  a  pa l e  
ye l l o w  so l i d  (S ch em e  60 ) .  Benzo yl fo rmi c  ac id  ch l o r id e  was  gen e ra t ed  
i n  s i t u  b y r e a c t i o n  o f  b e nzo yl f o r mi c  a c i d  wi t h  th i on yl  c h l o r id e  a t  65  o C  
fo r  1  h  fo l lo wed  b y d i s t i l l a t i on  t o  r emo v e  ex cess  t h io n yl  ch lo r i d e .     
 
   
 
R
O
O
Cl
THF
ester yields R
198a
198b
198c
80%
-
1%
Ph
Me
Et
O
O
159 O
O
198
OH
O
O
O
R
 
 
Scheme 60 
 
 
S i mi l a r  c on d i t io ns  w e r e  u t i l i z ed  fo r  t h e  a t t em pt e d  s yn th e s i s  o f  k e t o  
e s t e r  1 98b  u s in g  f r e sh l y  p r e p a r ed  pyr u v o yl  c h l o r i d e  (p r e p ar e d  f ro m 
p yr u v i c  a c i d  a nd  ox a l yl  c h l o r id e  wi t h  4  d r op s  o f  D MF)  i n  T H F or  
C H 2 Cl 2 .   A l thou gh  the re  was  ev idence  fo r  t h e  fo rma t ion  o f  t he  ac id  
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ch lo r i d e  a f t e r  work  up ,  1 H-NMR  an a l ys i s  o f  t h e  c ru de  p r od u c t  s ho w e d  
t h e  p res en ce  o f  t he  s t a r t ing  a l coho l  on l y.   We  t r i ed  t o  r e so l v e  t h i s  
p rob lem  b y ac t i va t i n g  th e  a l co ho l  1 59  wi th  NaH and  Bu Li ,  b u t  aga in  
o n l y t h e  s t a r t i n g  ma t e r i a l  was  i s o l a t ed .    
 
C h i r a l  α -k e t o  e s t e r  1 98 c  was  o b t a i n ed  a s  an  o i l  i n  o n l y 1 % yi e l d ,  wh en  
2 -ox ob u t ano yl  ch lo r i de  (p r ep a red  i n  s i t u  f r om 2 -oxobu tan o i c  a c id  and  
ox a l yl  ch lo r i d e )  was  us ed  i n  THF.   C han g i n g  th e  r eac t i on  m edi um  f rom 
C H 2 Cl 2  t o  THF,  i nc r eas ing  t h e  r eac t ion  t ime  and  ac t i va t i ng  o f  t h e  
s t a r t in g  a l co ho l ,  a l l  f a i l ed  t o  imp rov e  t h e  yi e l d .    
 
2.4.1.2 Asymmetric  reduction of the α-keto ester 
198a.   
 
Wit h  α -k e t o  es t e r  1 98 a  i n  h and  we  tu rn ed  ou r  a t t en t i on  to  i t s  
a s ym m e t r i c  r ed u c t i on  wi t h  r a n ge  o f  m et a l  h yd r i d es .   I t  h a s  b e en  
r e p o r t ed  t h a t  N a BH 4  r ed u c t i on  o f  an  α -k e t o  es t e r  a t t a ch ed  to  a  ch i r a l  
aux i l i a r y gave  l o w  d i a s t e r eos e l ec t i v i t y i r r e spec t ive  o f  t he  aux i l i a ry,  
wh i l e  h i gh  s t e r eo s e l ec t iv es  we  obs e rv ed  wi t h  L-  o r  K-  S e lec t r i d e . 1 4 4    
 
To  ou r  su rp r i s e ,  t he  r e du c t ion  o f  α -ke t o -e s t e r  w i th  NaBH 4  in  m et h an o l  
a t  0 o C  a f fo rded  a  ch i r a l  a l co ho l  wi th  l ow  d i a s t e reos e l ec t i v i t y (36  % 
d . e . )  (Schem e  61 ,  m et ho d  1 ) .   O n  the  o t he r  h a nd ,   t r ea tm e nt  o f  t h e  
k e to - es t e r  wi t h  S upe r  Hyd r i d e  i n  T HF a t  -7 8 o C fo l l owed  b y s t i r r i n g  fo r  
n o  m ore  t h an  5  min  to  av o i d  th e  reduc t i on  o f  th e  es t e r  m oi e t y (S ch em e  
6 1 ,  m et ho d  2 ) ,  a f fo rded  two  d i a s t e r eom er s  i n  72  % yi e l d  w i th  a  
d i s app o in t in g l y l ow  d i a s t e r eom er i c  r a t i o  (16  % d .e . ) .   Howev er ,  
r e d u c t i on  wi t h  L-Se l e c t r i d e  in  T H F a t  - 78  o C  (S ch em e  6 1 ,  m eth od  3 )  
y i e lded  th e  α -h yd r ox y e s t e r  w i th  s l i gh t l y i m p ro v ed  d i a s t e r eo s e l e c t i v i t y  
( 2 6  %  d .e . ) .  Pu r i f i c a t io n  o f  t h e  c rud e  p r od u c t  b y  p r e p a r a t iv e  l a ye r  
ch rom at o grap h y a f fo rd ed  a  m ix tu r e  o f  d i as t e r eo m er i c  a l coh o l s .  
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Scheme 61 :  M e t h od  1 :   N aB H 4 ,  MeOH,  0 o C  
   Method  2 :   Sup er  Hy dr id e ® ,  TH F,  -7 8 o C  
   M e t h od  3 :   L -S e l e c t r id e ,  T H F,  -7 8 o C  
 
 
T h e  d i a s t e reom er i c  ex ces s  was  d e t e rm in ed  f rom  t h e  i n t ens i t y o f  t h e  
n e wl y gen e r a t e d  s t e r e o gen i c  ca r bo n  s i gn a l  a t  7 3 . 75 /7 3 .6 7  p pm in  t he  
1 3 C -NMR  spec t rum (F i gu re  3 3 ) .   
 
On  the  o t he r  hand ,  t h e  us e  o f  t he  ch i r a l  aux i l i a r y 1 6 7  s ho w e d  b e t t e r  
s e l ec t iv i t y t h an  aux i l i a ry 1 5 9 .   The  r eac t ion  o f  a l coho l  1 61  w i th  
b e nzo yl f o rm yl  c h lo r id e ,  i n  T H F,  a t  0 o C  a f f o r d ed  α -k e to  e s t e r  2 00  i n  
ex ce l l en t  yi e l d  (S ch eme 62 )  an d  t h e  s t ru c t u re  was  co nf i rm ed  b y NM R  
ana l ys i s .    
 
In  co n t r a s t  t o  t h e  k e to  e s t e r  1 98 a ,  r e l a t iv e l y b e t t e r  f ac i a l  s e l ec t i v i t y   
w a s  ob t a in e d  wh e n  k e to n e  2 00  was  r edu ced  wi t h  L-S e l ec t r i de  i n  THF a t  
- 7 8 o C  t o  a f fo rd  t he  α -h yd rox y e s t e r  2 0 1  i n  l ow  yi e l d  (S cheme  6 2  and  
Tab l e  2 1 ) .   The  meas u red  d i a s t e reom er i c  ex ces s  f rom the  1 3 C - NMR  d a ta  
(F i gu re  34 )  w a s  f ou n d  t o  b e  36  % d . e .  
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Scheme 62 
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T ab l e  2 1 :  As ym m et r i c  r ed uc t i on  o f  α - k e to  e s t e r s  1 98 a  and  2 00  
w i t h  me t a l  h yd r i d es   
 
Ester Hydride 
Yie ld  
(%) 
d .e .  (%) 
1 9 8a  NaBH 4  2 5  3 6  
1 9 8a  L-S e l ec t r ide  5 1  2 6  
1 9 8a  S up e r  H yd r i d e  7 2  1 6  
2 0 0  L-S e l ec t r ide  3 7  3 6  
 
 
 
 
 
 
F i g ur e  3 3 :  1 3 C -NMR  spec t rum o f  a  d i a s t e r eom er i c  e s t e r  1 99  f ro m  L-
S e l ec t r i d e  r edu c t ion .  
C-2"
C-3
C-1"
C-2"
C-1"
C-3
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Fi g ur e  3 4 :  1 3 C -NMR  spec t rum o f  t he  d i a s t e reom er i c  e s t e r  20 1 .  
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In  o r d e r  t o  r a t i on a l i s e  t h es e  o bs e rv a t io ns ,  a t t em pt s  were  m ad e  to  
h yd r o l ys e  t h e  α - h yd r ox y e s t e r  19 9  t o  o b t a i n  m and e l i c  ac i d  wi t h  a  v i ew  
t o  m eas ur in g  i t s  o p t i ca l  r o t a t io n .  In i t i a l  a t t em pt s  t o  h yd r o l ys e  t h i s  
e s t e r  wi th  2 M  KOH i n  m et h an o l  we re  u ns u ccess fu l .   Howev e r ,  wh en  t h e  
h yd r o l ys i s  w a s  d on e  us in g  a  s o lu t ion  o f  l i t h ium  h yd r o x id e  in  THF a t  
r o om  t em p e ra tu r e  a n d  th e  p rod u c t  ex t r a c t e d  f ro m th e  aq u eo us  so l u t i on  
w i t h  e th e r ,  t h e  ch i r a l  a l co ho l  1 59  was  ob t a in e d .  A c id i f i c a t i on  o f  t he  
a q u eo us  so lu t io n  to  p H  2  wi t h  4M  H Cl ,  t h en  ex t r a c t io n  wi th  e th yl  
a ce t a t e  f o l lowed  by p r epa ra t i ve  ch romat o graph y,  a f fo rd ed  t he  ch i r a l  
a c i d  20 2  and  t he  op t i c a l  ro t a t i on  o f  t he  co r r e spon d ing  ac i d  r evea l ed  t he  
m aj o r  en an t iom er  to  be  t h e  S - i s om e r .  
 
 
+
OH
HO
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THF:H20
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Scheme 56 
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I t  h a s  b e en  p ro po s ed 1 4 5  t h a t  r edu c t io n  o f  an  α -k e t o  e s t e r  t h a t  i s  
a t t a ch ed  t o  a  ch i r a l  aux i l i a ry w i t h  me t a l  h yd r i d e  i n  T HF p ro ceeds  v ia  
a n  s -c i s  co n fo rm a t i on  A  d u e  t o  ch e l a t io n  o f  t he  m et a l  ca t i on  wi th  t he  
ca rbon yl  moi e t i es .   The  h yd r i d e  t h en  a t t a cks  f rom the  oppos i t e  s i de  o f  
t h e  O-M -O to  p rodu ce  t h e  S - i s om e r  a s  a  m a jo r  p ro du c t .   In  t h e  p r es en c e  
o f  add i t i ves  such  a s  18 -c ro wn  e t he r s ,  h yd r i d e  a t t a cks  v i a  t h e  s - t r ans  
c o n fo rm at io n  B .  
             
  
R
O O
R*
R = chiral auxiliary*
M
R
O
*
s-cis
O
R
s-trans
A B
 
 
 
 
S t r u c tu r e s  o f  t h e  two  k e to  e s t e r s  c om pu te d  a t  t h e  D FT l e v e l ,  r e v ea l ed  
t h a t  bo t h  ad op t  s - t r a n s  co nfo rm at io ns .   In  e s t e r  1 98 a ,  t h e  8 -M e   a nd  
p h en yl  g r o u p s  s t e r i c a l l y b l o c k  th e  r e - f ace ,  and  t he  k e t a l -b o rn an e  g roup  
i s  d i s t an t  f r om the  ke to -g roup ,  hence  h yd r i d e  a t t a ck  f rom t h e  l e s s  
h in d er e d  s i - f ace  l eads  t o  t he  S - i so mer  a s  t h e  m ajo r  p rod uc t .    
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a )  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
b )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e  3 5 :  C om put e d  s t r u c tu re s  o f  k e t o  e s t e r s  ( a )  20 0  an d  ( b )  19 8 a  
s ho wi n g  s - t r a ns  co n fo rm a t io ns  an d  t h e  p r e f e r r ed  s i t e  o f  
a t t a ck  b y m e t a l  h yd r i de .  
hydride attack
Discussion  N.Skiti-Mama  
 
127 
2.5.  Modell ing the alkylation reactions 
 
A s p ec t s  o f  t h e  a l k yl a t io n  r e a c t i o n  i nvo lv in g  th e  h yd r ox y k e t a l  15 9  were  
m od el l ed  u s i n g  semi - em pi r i ca l  MO ca l cu l a t io ns  (PM 3  an d  R M1 ) .   
C a l cu l a t io ns  we re  r e s t r i c t ed  to  t h e  semi - em pi r i ca l  l ev e l  o wi n g  t o  the  
h i gh  co s t  o f  Har t ree -Fock  and  DFT met hods  fo r  t hes e  r e l a t i ve l y l a rge  
s t ru c t u re s .   In  g e n e r a l ,  ea c h  s t r u c t u re  sh o wn  i s  t he  m os t  s t ab le  
c o n fo rm e r  lo c a t e d .  
 
2.5.1  Effect  of  configurat ion on the energies  of the 
benzylated esters 
 
E n er g i e s  o f  b en z y la t ed  es t e r s :  
 
T abl e  2 2 :  C om put ed  h ea t s  o f  f o rm at io n  (R M1 )  fo r  b enz yl a t ed  es t e r s  
1 6 1a -1 61d   
E st e r  R  
R -
co nf igu r a t ion  
S -
co nf igu r a t ion  
1 6 1a  M e th yl  - 8 30 .5 1  -8 29 .2 7  
1 6 1b  E th yl  - 8 49 .8 5  -8 49 .7 9  
1 6 1c  i -P rop yl ∗  - 8 71 .3 8  -8 72 .9 6  
1 6 1d  t -Bu t yl ∗  - 8 98 .0 2  -8 98 .2 6  
 
                                                 
∗
 Note that while the sequence of groups (CO → R → Bz) around the newly formed stereogenic center is the same in the 
esters 161a and 161d, their priority orders change in moving from R = Me and Et to R = i-Pr and t-Bu, and therefore the 
configurations change from S to R. 
∗
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( R ) - 16 1a       ( S ) -1 61 a  
 
F i g ur e  3 6 :  C om put ed  (R ) -  and  (S ) - co n f i gu r a t i on s  o f  b enz yl a t ed  e s t e r  
1 6 1a  
 
T h e  d i f f e r en c es  in  t h e  RM 1 h e a t s  o f  f o rm at io n  o f  t h e  R -  an d  S -
d i as t e r eomer s  o f  t he  benz yl a t ed  es t e r s  a re  l e s s  t h an  2  kJ /mol  (Tab l e  
2 2 ) .   T h e  s t ru c t u re s  (R ) -1 61 a  an d  (S ) - 16 1a  we re  fu r t he r  r e f i ned  i n  a  
D FT  c a l cu l a t io n  a t  t h e  B3 LYP /6 -3 1 G*  l ev e l  an d  t h e  (R ) - conf i gura t i on  
w a s  f ou nd  t o  b e  6 . 5  kJ /m ol  mo r e  s t ab le  t h a n  (S ) .   S in ce  t h ese  
d i f f e r en ces  a r e  s ma l l ,  i t  s eems  un l ike l y t h a t  d i a s t e reos e l ec t i v i t y i n  t he  
a l kyl a t ion  r eac t ion  can  be  as c r i bed  t o  an y t h e rmod ynamic  e f f ec t  a r i s i ng  
f rom d i f f e r en ces  i n  t he  s t ab i l i t i e s  o f  t he  t wo  pos s i b l e  p roduc t s .  
 
 
2.5.2 Conformer dis tr ibution of parent esters  160 
 
A  d i s t r i bu t io n  o f  c o n fo rm e rs  w e r e  co mp ut ed  f o r  t he  es t e r  16 0 a  a nd  
ex t en de d  a r r an ge me n t s  o f  t he  e s t e r  l i n k a ge  w e r e  fo un d  to  b e  p re f e r r ed ,  
w h ich  w ou ld  b e  ex p e c t ed  t o  g i v e  a n  (E ) - en o l a t e  u p on  h yd r o ge n  
abs t r ac t i on  (T ab l e  2 3  a nd  F i gu r e  3 7 ) .   Wh en  d i i sop rop yl am id e  i s  
i n t ro du c e d  i n  th e  v i c i n i t y o f  t h e  e s t e r  m et h yl e n e  g ro u p  a nd  t h e  co mp lex  
s ub j ec t ed  to  e n erg y m i n i mis a t io n ,  h yd r o ge n  a b s t ra c t i on  o c cu r s  
s po n t a n eo us l y,  g i v i n g  t h e  ( E ) - eno l a t e .   The  ( E ) - eno l a t e  i s  ob t a ined  
even  f rom con former  8  whi ch  i s  f avou rab l y a r r anged  t o  g i ve  t he  ( Z ) -
eno l a t e .  
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T abl e  2 3 :  C om put ed  con fo rmer  d i s t r ib u t i on  fo r  e s t e r  1 60 a a  
C o n f o r m e r  E  E r e l  
B o l t z m a n n  
D i s t .  
E a q  E a q r e l  
B o l t z m a n n  
D i s t . ( a q )  
D i h e d r a l  
 ( O 1 , C 2 , C 3 , C 4 )  
1  - 9 1 5 . 7 9  0 . 0 0  0 . 2 8 8  - 9 1 6 . 7 4  0 . 0 0  0 . 2 5 7  1 7 7  
2  - 9 1 4 . 7 8  1 . 0 1  0 . 1 9 1  - 9 1 6 . 1 6  0 . 5 9  0 . 2 0 2  - 8 6  
3  - 9 1 4 . 5 9  1 . 2 0  0 . 1 7 7  - 9 1 5 . 5 9  1 . 1 5  0 . 1 6 1  1 7 4  
4  - 9 1 4 . 4 9  1 . 2 9  0 . 1 7 1  - 9 1 6 . 1 8  0 . 5 7  0 . 2 0 4  8 7  
5  - 9 1 3 . 3 8  2 . 4 0  0 . 1 0 9  - 9 1 4 . 6 6  2 . 0 9  0 . 1 1 1  - 1 2 1  
6  - 9 0 9 . 0 7  6 . 7 1  0 . 0 1 9  - 9 0 9 . 9 6  6 . 7 8  0 . 0 1 7  7 3  
7  - 9 0 8 . 7 7  7 . 0 1  0 . 0 1 7  - 9 0 9 . 0 4  7 . 7 0  0 . 0 1 1  1 5 0  
8  - 9 0 8 . 5 0  7 . 2 8  0 . 0 1 5  - 9 1 1 . 1 1  5 . 6 3  0 . 0 2 6  9  
9  - 9 0 8 . 0 3  7 . 7 6  0 . 0 1 3  - 9 0 8 . 6 2  8 . 1 2  0 . 0 1 0  - 6 9  
a
 S e m i e m p i r i c a l  ( R M 1 ) .  A l l  e n e r g i e s  i n  k J / m o l .  
 
1 , 3     2     4  
 
5     6     8  
Fi g ur e  3 7 :  S e l ec t ed  con fo rmers  co mp ut ed  fo r  e s t e r  16 0a  
 
 
 
Discussion  N.Skiti-Mama  
 
130 
A  s imi l a r  d i s t r i bu t i on  o f  c on fo r mer s  w a s  ob t a in e d  fo r  t h e  e s t e r  16 0d  
(Tab l e  24 ) .  
 
T abl e  2 4 :  C om put ed  con fo rmer  d i s t r ib u t i on  fo r  e s t e r  1 60d a  
C o n f o r m e r  E  E r e l  
B o l t z m a n n  
D i s t .  
E a q  E a q r e l  
B o l t z m a n n  
D i s t . ( a q )  
D i h e d r a l   
( O 1 , C 2 , C 3 , C 4 ) b  
1  - 9 9 5 . 0 7  0 . 0 0  0 . 2 1 4  - 9 9 2 . 9 0  0 . 0 0  0 . 2 4 2  1 0 7  
2  - 9 9 4 . 8 5  0 . 2 2  0 . 1 9 6  - 9 9 2 . 2 0  0 . 7 0  0 . 1 8 2  - 1 1 7  
3  - 9 9 4 . 8 4  0 . 2 3  0 . 1 9 5  - 9 9 2 . 3 1  0 . 5 9  0 . 1 9 1  - 1 1 6  
4  - 9 9 4 . 4 5  0 . 6 2  0 . 1 6 7  - 9 9 2 . 5 5  0 . 3 5  0 . 2 1 0  1 0 8  
5  - 9 9 3 . 1 1  1 . 9 6  0 . 0 9 7  - 9 8 8 . 4 1  4 . 4 8  0 . 0 4 0  - 1 7 3  
6  - 9 9 1 . 8 8  3 . 1 9  0 . 0 5 9  - 9 8 9 . 6 3  3 . 2 7  0 . 0 6 5  - 8 2  
7  - 9 9 1 . 8 7  3 . 2 0  0 . 0 5 9  - 9 8 9 . 6 0  3 . 3 0  0 . 0 6 4  - 8 1  
8  - 9 8 7 . 3 5  7 . 7 2  0 . 0 1 0  - 9 8 3 . 3 5  9 . 5 5  0 . 0 0 5  1 5 8  
9  - 9 8 5 . 4 8  9 . 5 9  0 . 0 0 4  - 9 8 1 . 0 9  1 1 . 8 0  0 . 0 0 2  9 2  
a
 S e m i e m p i r i c a l  ( R M 1 ) .  A l l  e n e r g i e s  i n  k J / m o l .  b D e s c r i b e s  t h e  c o n f i g u r a t i o n  o f  
t h e  e s t e r  u n i t .  
 
2 .5 .3      Configuration and conformer dis tr ibut ions 
            for the enolate intermediates 
 
O u r  t r ap p in g  ex p e r i m en t s  h av e  in  a n y e v e n t  sho w n th a t  t h e  
i n t e rm ed i a t e  (Z ) -  an d  ( E ) -eno l a t e  p r ecu r so rs  t o  e s t e r  161 a  a r e  p r es en t  
i n  a  4 3 : 57  r a t io ,  wh i ch  i s  s imi l a r  t o  t h e  d i a s t e reom er i c  ra t i o  es t im at ed  
f o r  1 61 a .   Th i s  wou ld  s u gges t  t h a t  t he  eno la t e  r a t i o  i s  t h e  co n t ro l l i n g  
f ac to r  i n  d e t e rmi n i n g  d i as t e r eo s e l ec t i v i t y.   W e  ca r r i ed  ou t  a  
c o n fo rm at io n  s e a r ch  in vo l v i n g  bo t h  th e  (Z ) -  an d  ( E ) -con f i gura t io ns  o f  
t h e  m et h yl  an d  t - bu t yl  e n o l a t es  (T a b le s  25 - 28 ,  F i gu res  38 - 41 ) .   D u r in g  
t h e  s ea r ch  p ro cess  t h e  (Z )  an d  ( E )  con f i gura t io ns  we re  in t e r con v e r t ed ,  
w i t h  th e  r esu l t  t h a t  t h e  s am e c on f i gura t i on  an d  c on f o rmer  d i s t r ib u t io n  
was  o b t a i ned ,  r ega rd l es s  o f  whi ch  s t a r t i n g  co n f i gu r a t i on  was  us ed .   
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T abl e  2 5 :  R M1  com pu t ed  con f i gura t io ns  an d  co n fo rm e r s  o f  e no la t e  
1 6 0a a  
C o n f o r m e r  E  E r e l  
B o l t z m a n n   
D i s t .  
E a q  E a q r e l  
B o l t z m a n n   
D i s t . ( a q )  C o n f i g .  
Pr e d i c t ed   
e s t e r  
1  - 9 4 3 . 3 6  0 . 0 0  0 . 3 4 7  - 1 1 6 0 . 8 6  5 . 9 8  0 . 0 4 6  E  S  
2  - 9 4 3 . 3 1  0 . 0 4  0 . 3 4 1  - 1 1 6 0 . 5 7  6 . 2 6  0 . 0 4 1  E  S  
3  - 9 4 1 . 8 8  1 . 4 7  0 . 1 9 2  - 1 1 6 6 . 2 2  0 . 6 2  0 . 4 0 0  E  S , R  
4  - 9 4 0 . 7 3  2 . 6 3  0 . 1 2 0  - 1 1 6 6 . 8 4  0 . 0 0  0 . 5 1 3  Z  R , S  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
 
 
1  an d  2     3    4  
Fi g ur e  3 8 :  C om put e d  c on f i gu ra t i on s  a nd  co nfo rmer s  o f  e no l a t e  16 0a  
 
T abl e  2 6 :  P M3  c om pu te d  c on f i gura t io ns  an d  co n fo rm e r s  o f  en o la t e  
1 6 0a a  
C o n f o r m e r  E  E r e l  
B o l t z m a n n   
D i s t .  
E a q  E a q r e l  
B o l t z m a n n   
D i s t . ( a q )  
C o n f i g .  
Pr e d i c t ed  
e s t e r  
1  - 8 0 4 . 4 3  0 . 0 0  0 . 3 8 0  - 1 0 2 5 . 8 9  2 . 8 9  0 . 1 4 8  E  S  
2  - 8 0 4 . 4 0  0 . 0 3  0 . 3 7 5  - 1 0 2 5 . 9 6  2 . 8 1  0 . 1 5 2  E  S  
3  - 8 0 2 . 0 0  2 . 4 3  0 . 1 4 2  - 1 0 2 8 . 7 7  0 . 0 0  0 . 4 7 3  E  S  
4  - 8 0 1 . 2 1  3 . 2 3  0 . 1 0 3  - 1 0 2 6 . 9 4  1 . 8 3  0 . 2 2 6  Z  R  
5  - 7 8 0 . 8 2  2 3 . 6 1  0 . 0 0 0  - 1 0 0 7 . 5 7  2 1 . 2 1  0 . 0 0 0  E  S  
6  - 7 6 5 . 9 0  3 8 . 5 3  0 . 0 0 0  - 9 8 9 . 2 9  3 9 . 4 9  0 . 0 0 0  Z  S  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
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1  an d  2     3     4  
F i g ur e  3 9 :  C om put e d  c on f i gu ra t i on s  a nd  co nfo rmer s  o f  e no l a t e  16 0a  
 
T abl e  2 7 :  R M1  com pu t ed  con f i gura t io ns  an d  co n fo rm e r s  o f  e no la t e  
1 6 0d a  
C o n f o r m e r  E  E r e l  
B o l t z m a n n   
D i s t .  
E a q  E a q r e l  
B o l t z m a n n   
D i s t . ( a q )  
C o n f i g .  
Pr e d i c t ed
e s t e r  
1  - 1 0 2 8 . 4 6  0 . 0 0  0 . 3 8 7  - 1 2 2 0 . 9 7  4 . 7 9  0 . 1 0 3  E  R b  
2  - 1 0 2 8 . 4 5  0 . 0 1  0 . 3 8 6  - 1 2 2 0 . 9 6  4 . 8 0  0 . 1 0 2  E  R  
3  - 1 0 2 6 . 8 4  1 . 6 2  0 . 2 0 1  - 1 2 2 5 . 7 6  0 . 0 0  0 . 7 1 0  E  R , S  
4  - 1 0 2 1 . 6 4  6 . 8 3  0 . 0 2 5  - 1 2 1 9 . 9 9  5 . 7 7  0 . 0 6 9  Z  S , R  
5  - 1 0 0 9 . 9 4  1 8 . 5 2  0 . 0 0 0  - 1 2 1 6 . 2 2  9 . 5 3  0 . 0 1 5  E  R , S  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
b
 N o t e  t h a t  w h i l e  t h e  s e q u e n c e  o f  g r o u p s  ( C O  →  R  →  B z )  a r o u n d  t h e  n e w l y  
f o r m e d  s t e r e o g e n i c  c e n t r e  i s  t h e  s a m e  i n  t h e  e s t e r s  1 6 1 a  a n d  1 6 1 d ,  t h e i r  p r i o r i t y  
o r d e r s  c h a n g e  i n  m o v i n g  f r o m  R  =  M e  a n d  E t  t o  R  =  i - P r  a n d  t - B u ,  a n d  t h e r e f o r e  
t h e  c o n f i g u r a t i o n s  c h a n g e  f r o m  S  t o  R .  
 
 
1  an d  2          3      4        5  
 
Fi g ur e  4 0 :  C om put e d  c on f i gu ra t i on s  a nd  co nfo rmer s  o f  e no l a t e  16 0d  
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T abl e  2 8 :  P M3  c om pu te d  c on f i gura t io ns  an d  co n fo rm e r s  o f  en o la t e  
1 6 0d a  
 
C o n f o r m e r  E  E r e l  
B o l t z m a n n  
D i s t .  
E a q  E a q r e l  
B o l t z m a n n  
D i s t . ( a q )  
C o n f i g .  
Pr e d i c t
 e s t er  
1  - 8 7 9 . 3 7  0 . 0 0  0 . 6 0 7  - 1 0 7 7 . 9 2  0 . 3 7  0 . 3 7 5  E  R b  
2  - 8 7 8 . 1 0  1 . 2 7  0 . 3 6 4  - 1 0 7 4 . 2 0  4 . 0 9  0 . 0 8 4  E  R  
3  - 8 7 0 . 9 9  8 . 3 9  0 . 0 2 1  - 1 0 7 4 . 6 1  3 . 6 8  0 . 0 9 9  Z  S  
4  - 8 6 8 . 6 6  1 0 . 7 1  0 . 0 0 8  - 1 0 7 8 . 2 9  0 . 0 0  0 . 4 3 6  Z  S  
5  - 8 5 6 . 4 0  2 2 . 9 7  0 . 0 0 0  - 1 0 6 7 . 6 3  1 0 . 6 6  0 . 0 0 6  Z  R  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
b
 N o t e  t h a t  w h i l e  t h e  s e q u e n c e  o f  g r o u p s  ( C O  →  R  →  B z )  a r o u n d  t h e  n e w l y  
f o r m e d  s t e r e o g e n i c  c e n t e r  i s  t h e  s a m e  i n  t h e  e s t e r s  1 6 1 a  a n d  1 6 1 d ,  t h e i r  p r i o r i t y  
o r d e r s  c h a n g e  i n  m o v i n g  f r o m  R  =  M e  a n d  E t  t o  R  =  i - P r  a n d  t - B u ,  a n d  t h e r e f o r e  
t h e  c o n f i g u r a t i o n s  c h a n g e  f r o m  S  t o  R .  
 
 
 
 
 
 
 
 
1 and  2       3  
 
 
 
 
 
 
 
 
  4        5  
Fi g ur e  4 1 :  C om put e d  c on f i gu ra t i on s  a nd  co nfo rmer s  o f  e no l a t e  16 0d  
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Bo t h  th e  RM 1 and  PM 3 con fo rm at i on a l  s ea r ch es  gav e  d i s t r ib u t i on s  o f  
c o n fo rm e rs  w ho s e  gen e r a l  s t ru c t u ra l  f e a t u r e s  w er e  s i mi l a r  w h e n  r an k ed  
acco rd ing  t o  t he i r  hea t s  o f  f o rmat i ons .  
  
I t  i s  n o t ab le  th a t  i n  b o th  in s t an ces  t h e  ( E ) -c on f o rm e rs  d omi n a t e  t h e  
i so me r  d i s t r ib u t i ons ,  w i th  th e  t wo  m os t  s t a b l e  c on f o rm ers  i n  e ac h  ca s e  
accoun t i ng  fo r  76  % and  97  %,  r es p ec t i ve l y,  i n  t e rm s  o f  t h e  Bo l t zmann  
d i s t r ib u t i on s .   Fur t he r mo r e ,  i n  a l l  t h e  l ow  e n er g y c o n fo rm e r s  th e  
eno l a t e  C -O -  bo nd  ad op t s  a  s yn  (o r  app rox im at e l y s yn )  o r i en t a t i on  wi t h  
r e s p ec t  t o  t he  C3-O  bond .   One  f ace  o f  e ach  o f  t h es e  s t ru c tu r es  i s  open  
t o  un h inde red  a lk yl a t i on  whi l e  t he  o the r  f a ce  i s  s h i e l d ed  f rom a t t ack  b y  
t h e  f l an k in g  d i b orn yl  s ys t e m.   Th e  p r e d i c t e d  do mi nan t  c o n f i gu r a t i on s  
o f  t he  r e s u l t i n g  b enz yl  e s t e r s  1 61 a  an d  16 1d  s hou ld  t he r e fo r e  be  (S )  
a n d  (R ) ,  r e sp ec t iv e l y.  
 
Whe n  aqueous  s o l va t i on  e f f ec t s  a r e  i nc o rpo ra t e d ,  t h e  gene ra l  s t r u c tu ra l  
f e a tu r es  o f  t he  p re f e r r ed  con for mers  a r e  s i mi l a r  t o  t hos e  ob se rved  
w i t ho u t  s o l va t i on .   Ho wev e r ,  t h e  mo re  ex t end ed  con form ers  a r e  f ou nd  
t o  be  mo re  s t ab l e ,  and  s ince  ne i t he r  fa ce  o f  t h e  re spec t ive  eno l a t es  i s  
s i gn i f i c an t l y  h i n d er e d ,  l e s s  s e l e c t iv e  b e nz yl a t i on  mi gh t  b e  ex p e c t ed  in  
a  po l a r  m ed iu m.  
 
2.5.4 Effect  of  inclusion of  a  metal cation with the 
enolate 160d 
 
T h e  i n c l us i on  o f  a  l i t h iu m  ca t i on ,  a s s o c i a t ed  wi t h  t he  en o l a t e  ox ygen  
a t om,  do es  no t  a f f ec t  t he  p r e f e r en ce  o f  en o l a t e  1 60 d  f o r  t he  ( E ) -
c o n f i gu r a t i on ∗ ,  wh i ch  i s  t he  cas e  fo r  t h e  e l ev en  l owes t  en e rg y 
c o n fo rm e rs ,  a c co un t i n g  f o r  9 6  %  o f  t h e  to t a l  Bo l t zm an n  d i s t r ib u t i on  
(Tab l e  29 ) .   H ow ev e r ,  i n  sh a rp  c o n t ra s t  t o  t h e  c on f ormer  d i s t r ib u t i on  
ca l cu l a t ed  fo r  t he  eno l a t e  whe re  t h e  l i t h ium i on  was  ex c l ud ed ,  a l l  t he  
                                                 
∗
 The presence of the lithium ion was ignored for the purposes of defining group priorities for determining the 
(E) and (Z) configurations of the enolate. 
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l o w e ne r g y c o n f orm e rs  n o w a do p t  a n t i  a r r angem ent s  be tween  t he  
eno l a t e  C -O - Li +  bon d  a nd  t he  C 3- O  bo n d  ( s e e ,  e . g . ,  F i g .  4 2 ) .    In  a l l  
t h e  l o w en e rg y co n fo rm ers  t h e  l i t h ium  i on  i s  fo un d  to  b e  l o ca t ed  away 
f r om  t h e  bo r n yl  s ys t e m s  an d  i s  n o t  a s s o c i a t e d  wi t h  t he  k e t a l  ox yge n  
a t oms .   Th e  im p l i ca t io n  o f  t h i s  r ev e rs ed  geom et r y  i s  t h a t  t h e  
c o n f i gu r a t i on  o f  t h e  e s t e r  ex p e c t e d  t o  f o rm  u p on  b e nzyl a t i on  wi l l  be  
t h e  op po s i t e  f rom t h a t  ex pec t ed  i f  t h e  eno l a t e  ox yge n  a t om  i s  no t  
a s so c i a t ed  wi th  a  l i t h ium  i on .   I t  cou ld  t h er e fo r e  be  a rgu ed  t ha t  t he  
po l a r i t y and  a s s o c i a t ed  s o lva t i on  e f fec t s  o f  t he  r eac t ion  med i um  ar e  
l i k e l y t o  in f lu en ce  d i a s t e reos e l e c t iv i t y d u r i n g  b e nzyl a t i on  o f  t h e  
eno l a t e .  
 
T abl e  2 9 :  P M3  c om pu te d  c on f i gura t io ns  a n d  co n fo rm e r s  o f  l i t h iu m 
eno l a t e  1 60d  
 
C on f o r me r  E  E r e l  
B o l t z mann  
D i s t .  
C onf i g .  
Pr e d i c t ed  
e s t e r  
1  -6 95 .2 8  0 . 00  0 . 24 5  E  R  
2  -6 94 .7 5  0 . 53  0 . 19 8  E  R , S  
3  -6 93 .1 5  2 . 13  0 . 10 4  E  R  
4  -6 92 .6 0  2 . 67  0 . 08 3  E  R  
5  -6 92 .3 5  2 . 93  0 . 07 5  E  R , S  
6  -6 92 .2 4  3 . 03  0 . 07 2  E  S , R  
7  -6 92 .1 9  3 . 09  0 . 07 0  E  S , R  
8  -6 90 .5 2  4 . 76  0 . 03 6  E  R  
9  -6 89 .7 0  5 . 58  0 . 02 6  E  S , R  
1 0  -6 89 .6 9  5 . 59  0 . 02 6  E  S , R  
1 1  -6 89 .3 6  5 . 92  0 . 02 2  E  R  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
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Fi g ur e  4 2 :  C on form er  1  co mpu t ed  fo r  t h e  l i t h i um  en o l a t e  o f  e s t e r  1 6 0a .  
 
C a l c u l a t io n  o f  t h e  c o n fo rm e r  d i s t r ib u t i on  w as  r e p ea t ed  fo r  t h e  e no l a t e  
ex cep t  t h a t  t h e  Li +  i on  was  r ep l aced  by  t h e  d i ca t i on  Be 2 + .  
 
 
T abl e  3 0 :  P M3  com pu t ed  co nf i gu r a t i on s  a nd  con f o rm e rs  o f  b e r yl l i u m 
eno l a t e  1 60d  
 
C on f o r me r  E  E r e l  
B o l t z mann  
D i s t .  
C onf i g .  
Pr e d i c t ed  
e s t e r  
1  - 3 37 .9 1  0 . 00  0 . 19 1  E  S , R  
2  - 3 37 .7 9  0 . 13  0 . 18 2  Z  R , S  
3  - 3 37 .7 8  0 . 13  0 . 18 1  Z  R , S  
4  - 3 37 .5 2  0 . 39  0 . 16 3  E  S , R  
5  - 3 37 .2 0  0 . 71  0 . 14 3  E  S , R  
6  - 3 37 .1 2  0 . 79  0 . 13 9  E  S , R  
7  - 3 17 .0 2  2 0 .8 9  0 . 00 0  E  S  
1 7  - 3 01 .4 3  3 6 .4 8  0 . 00 0  Z  S , R  
a
 A l l  e n e r g i e s  i n  k J / m o l .  
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1           2           1 7  
 
F i g ur e  4 3 :  C om put e d  c on f i gura t i on s  a nd  c on fo rm e rs  o f  Be 2 +  eno la t e  
1 6 0a  
 
In  t h e  mos t  s t ab l e  co n fo rm ers  t h e  Be 2 +  i on  i s  fo un d  to  be  coo rd i na t ed  
b y b o th  t h e  eno l a t e  ox ygen  (Be… O 1 . 53  Å)  an d  t h e  ke t a l  exo - ox ygen  
a t om  ( Be… O 1 . 64  Å) .   T h e  eno l a t e  g ro up  ad op t s  bo th  Z -  and  E -  
c o n f i gu r a t i on s .   The  f i r s t  s ix  c on f or mer s ,  w h i ch  a c co un t  f o r  9 9 . 9  % of  
t h e  Bo l t zm an n  d i s t r i bu t io ns ,  a l l  h a v e  t h e  e no l a t e  ex tend e d  wi t h  b o th  
f l an ks  acces s i b l e  t o  an  a lk yl a t i ng  reagen t .   Th i s  sugges t s  t ha t  l ow 
d i as t e r eo s e l e c t i v i t y  w ou l d  b e  ex p e c t e d  f o r  a n  a l k yl a t io n  re a c t i on .  
T h e  f i r s t  co n fo rm er  un c ov e r ed  i n  w hi c h  c oo rd in a t io n  o f  t h e  Be 2 +  ion  
w i t h  bo th  k e t a l  ox ygen  a to ms  i s  p os s i b l e  i s  36 .5  kJ /m ol  l es s  s t ab l e  t h an  
t h e  mo s t  s t ab l e  co nfo rm er .   Th i s  con fo r mer  l e ads  t o  a  p ar t i a l  i n ve r s io n  
o f  t h e  k e t a l  r i n g  w h ich  l e ad s  to  i t s  b o rn yl  s ys t e m f o ld in g  b a ck  a nd  
i n t e r fe r in g  wi t h  th e  C1 0 -m eth yl  g r o u p  o f  t he  p r im a r y b o r nyl  s k e l e to n .  
 
2.5.5 Conformational  mobil i ty  and benzylation of 
the enolate 
 
I t  s hou ld  be  r ecogn i s ed  t h a t  t he  en o l a t e  con fo rmers  a re  l i ke l y t o  be  
l ab i l e  wi t h  o n l y s m al l  b a r r i e r s  t o  i n t e r co nv e rs io n  i n  mo s t  c as e s .   The  
c o n fo rm at io n a l  mob i l i t y  o f  t h e  e no la t e s  i s  d e mo ns t r a t e d  i n  F i gu r es  44  
a n d  45  wh i ch  d ep ic t  t h e  po t en t i a l  ene rg y p ro f i l es  t h a t  r e s u l t  wh en  th e  
( E ) -  an d  (Z ) - en o l a t e s  d e r i ved  f rom  t h e  e s t e r s  1 60 a  an d  16 0d ,  
r e s p ec t i ve l y,  a r e  r o t a t ed  a rou nd  t he i r  O-CO bonds .  
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Fi g ur e  4 4 :  P o t en t i a l  e n e r g y p r o f i l es  f o r  r o t a t i on  o f  1 60 a  eno l a t e  abou t  
O-CO b on d  ca l cu l a t ed  a t  t h e  R M1  s emi em pi r i ca l  l eve l .  
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Fi g ur e  4 5 :  P o t en t i a l  en e r g y p r o f i l es  fo r  ro t a t io n  o f  16 0d  eno l a t e  abou t  
O-CO b on d  ca l cu l a t ed  a t  t h e  R M1  s emi em pi r i ca l  l eve l .  
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I t  i s  c l e a r  t ha t  t he  ba r r i e r s  t o  r o t a t i on  fo r  t h e  t wo  ( E ) - e no l a t es  a r e  b o t h  
r e l a t i v e l y l o w,  wh i ch  s u gges t s  t h a t  t h e  con fo rm er s  can  r ead i l y  
i n t e r co nv e r t .   Th e  c om pu t ed  b a r r i e r s  a r e  e v en  l ow e r  w h e n  a qu e ous  
s o l v a t i on  e f f ec t s  a re  i n c l ud ed .  
 
H o w ev e r ,  t he  b a r r i e r s  f o r  r o t a t io n  o f  t h e  (Z ) - eno l a t es  a re  s i gn i f i c an t l y 
h i gh er .   In  f ac t ,  t h e  t -b u t yl  e s t e r  eno l a t e  en coun te r s  s u f f i c i en t  
r e s i s t ance  t o  ro t a t i o n  to  fo rce  a  ch an ge  in  i t s  con f i gu ra t io n  to  (E ) .  
 
The  con fo rmat iona l  mob i l i t y  o f  t h e  eno l a t e  con formers  i s  a l so  
d e mo ns t r a t e d  w h en  b e nz yl  b r o mid e  i s  i n c lu d ed  wi th  t h e  s t r uc tu r e  o f  t h e  
e n o l a t e  co nfo rm e r  1  de r i v ed  f rom  1 60a .    
 
When  t he  benz yl  b romi d e  i s  i n t rodu ced  on  t he  open  f ace  and  t he  
compl ex  sub j ec t ed  t o  energy mi n imi s a t i on ,  t he  a r r angem ent  shown  in  
F i gu re  4 6  ( a )  i s  ob t a in e d ,  w h e r e  t h e  b e nz yl  c a r b o n  has  s e t t l ed  a t  a  
d i s t anc e  o f  4 . 31  Å  f rom the  eno l a t e  c a rb on  a nd  2 .9 7  Å  f ro m t h e  ox yge n  
a t om.   T he  b enz yl  a n d  en o l a t e  c a rb ons  w e r e  t h e n  m ov e d  c l os e r  t o ge t h er  
i n  smal l  i n c r ement s  and  t he  ene rgy o f  t h e  op t i mis ed  s t ruc t u r e  comp ut ed  
a t  e ach  po i n t  (RM1 ) .   A  sma l l  ba r r i e r  t o  bo nd ing  was  ob s e rv ed  on  t he  
p o t e n t i a l  e n e r g y p r o f i l e  an d  a  t r an s i t i o n  s t a t e  s t ru c t u re  w a s  l o c a t ed  a t  
t h i s  p o i n t  whi ch  was  15 .1  kJ /m ol  h i gh e r  i n  en e rg y t h an  t he  s t a r t i n g  
compl ex .   Th e  p rodu c t  ob t a ined  was  (S ) - 1 61 a .   
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( a )        ( b )  
 
Fi g ur e  4 6 :  Op t imi s ed  s t r u c tu re s  o f  t he  co mpl ex es  fo rm ed  b e t ween  
P hC H 2 Br  an d  th e  en o l a t e  co n fo rm e r  1  d e r i v ed  f rom  1 60 a .  
 
A  s e c on d  co mp l ex  w a s  c o ns t ruc t ed  f ro m  t h e  s ame  e n o la t e  c on f orm er ,  
ex cep t  t h a t  t h e  s t a r t i n g  po in t  fo r  t h e  b enz yl  b r o mid e  was  th e  r egi on  
n e a r  t h e  e no la t e  m et h yl  g ro u p  an d  t h e  a d j a c en t  b o rn yl  s ys t e m.   
H o w ev e r ,  wh e n  t h i s  w a s  a l lo w ed  to  un d e r go  en e r g y m i n i mis a t io n ,  t h e  
e n o l a t e  mo i e t y  s p o n t a n eo us l y r o t a t ed  a w a y f r o m  t h e  b o r n yl  g ro u p  
a l l o win g  t h e  b e nz yl  b ro mid e  to  p ar t l y  i ns e r t  i n to  t h e  o pen in g  wh ere  i t  
s e t t l e d  w i th  th e  b enz yl  c a r b on  4 . 41  Å  ( PM 3  4 .1 1  Å)  f ro m  t h e  en o l a t e  
c a r b on  a nd  2 . 90  Å  ( 3 .1 4  PM 3  Å )  f r om t h e  ox yge n  a t om  [ F i gu r e  46  ( b ) ] .   
A  p o t e n t i a l  e n e r g y p r o f i l e  w a s  co ns t ru c t e d  fo r  t h i s  c om pl ex  as  w el l .   
In t e r e s t i n gl y,  a  l ow e r  b a r r i e r  t h a n  be f o r e  w as  obs e r v ed  a n d  a f f o rd e d  a  
t r an s i t i on  s t a t e  s t r uc tu r e  (6 .3  kJ /mol  l o wer  i n  ene rgy t h an  i t s  
co un t e rp a r t ,  and  on l y 8 . 5  kJ /m ol  h igh e r  i n  energy t h an  t he  s t a r t i ng  
co mpl ex ) .  T h e  d i as t e r eom er i c  p ro du c t  (R ) -1 61 a  i s  o b t a i n ed  f rom  th i s  
p a th .   Co nfo rm e rs  s u ch  as  ( a )  a bo ve  w ou ld  be  ex p e c te d  t o  u nd e r go  
a l k yl a t io n  d i s t e r eo s e l ec t i v e l y o n l y  i f  r e ac t i on  wi t h  th e  a l k yl a t in g  
r eagen t  on  t he  op en  f ace  i s  f as t e r  t h an  fo rm at ion  o f  t he  s eco nd  
a s soc i a t i ve  compl ex  des c r ibed  above .  
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2.6  Computational comparison of  possible  thioketal 
isomers 
 
I f  i t  i s  a s s um ed  tha t  LAH red u c t i on  o f  t h e  k e t o  s u l fo nyl  ch l o r id e  18 2  
g i v e s  t h e  i s om er i c  exo -  and  en do - h yd ro x yt h i o l s  18 3  a nd  184 ,  
r e s p ec t iv e l y,  t h en  p o t en t i a l l y e i gh t  t h io k e t a l s  cou ld  r es u l t  f ro m  th e i r  
r e a c t i on  wi t h  camph o rq u i no n e  15 5 .   Th es e  i s om ers  a r e  de s c r i bed  be low 
i n  t e rm s  o f  t h e  lo ca t i on  o f  t h e  t h i ok e ta l  on  th e  p r im ar y b o rn yl  s k e l e t on  
( C 2  o r  C3 ) ,  an d  the  o r i e n t a t io n  o f  t he  t h io k e t a l  ox yge n  a t om  (exo  o r  
e n do )  wi t h  r es pec t  t o  bo t h  t h e  p r im ary ( i . e . ,  c a r r yi n g  t h e  c a rb on yl  
g ro u p )  a nd  s ec on da r y b o r n yl  s ys t e ms .   I t  w a s  i n t e r es t in g  t o  c om put e  
t h e  h ea t s  o f  f o rm at io n  o f  a l l  e i gh t  i so m er s  an d  comp ar e  t h e i r  r e l a t iv e  
s t ab i l i t i e s  (T ab l e  31 ) .  
 
T abl e  3 1  S em ie mp i r i ca l  ( RM1 )  h ea t s  o f  fo r ma t io n  o f  t h i ok e t a l s  1 85 -
1 8 6  
S t r u c t u r e  
O , S -
b o r n y l 1  
O -
b o r n y l 1  
O - b o r n y l 2  
∆H f  
( k J / m o l )  
E r e l  
( k J / m o l )  
a  3  e x o  e x o  - 4 6 3 . 8 9  0 . 0  
b  3  e n d o  e x o  - 4 5 9 . 7 8  4 . 1  
c  2  e x o  e n d o  - 4 5 7 . 6 6  6 . 2  
d  3  e n d o  e n d o  - 4 5 7 . 4 6  6 . 4  
e  3  e x o  e n d o  - 4 5 3 . 5 6  1 0 . 3  
f  2  e n d o  e x o  - 4 5 1 . 5 2  1 2 . 4  
g  2  e n d o  e n d o  - 4 4 3 . 8 4  2 0 . 1  
h  2  e x o  e x o  - 4 3 8 . 5 6  2 5 . 3  
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   a      b    
 
 
 
 
 
   c      b 
   c      d 
 
   e      f   
    
 
 
 
 
 
 
   g       h  
In t e r e s t i n gl y,  t h e  m os t  s t ab l e  co n f i gu ra t io n ,  ( a ) ,  i s  t h a t  o f  co mp ou nd  
1 8 5  wh os e  c rys t a l  s t r uc tu r e  was  de t e rmi n ed .   Th e  t h ioke t a l s  ( c )  and  
( d ) ,  w h e re  th e  co n f i gu r a t i on  o f  t he  h yd r ox y g ro u p  i n  t he  p a r en t  
h yd r ox yt h io l  wo u ld  hav e  b e en  en do ,  a r e  no t  s i gn i f i can t l y l e s s  s t ab l e  
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t h an  ( a ) .   T h e  l a s t  t wo  co n f i gu ra t i on s  a r e  ca l cu l a t ed  t o  be  s i gn i f i c an t l y  
l e s s  s t ab l e .  
 
W e  h ave  a t t emp t ed  to  de t e rmi ne  th e  con f i gu ra t io n  o f  t h e  s eco nd  
t h i ok e t a l  18 6  wh i ch  a ros e  f rom  the  reac t i on  o f  c amphorqu i none  wi th  
t h e  exo -h yd rox yt h io l  1 83 ,  b y co m p ar i n g  se l ec t ed  1 H -  a n d  1 3 C -NMR 
c h e mi ca l  sh i f t s  wi t h  c om pu t ed  v a l u e s  f o r  t h e  s t ru c t u r es  (a ) ,  ( b ) ,  ( f )  an d  
( h )  ( T ab l e  32 ) .  
 
T abl e  3 2  S e l ec t ed  ex pe r im en t a l  an d  com pu t ed  1 H -  an d  1 3 C-NMR 
ch emi ca l  sh i f t s *  fo r  t h i ok e ta l s  1 85 -1 86  
 
 
186 185 a b c d e f g h 
SCH1 2.41 2.56 2.65 2.36 2.45 2.45 2.54 2.66 2.62 2.82 
SCH2 3.47 3.62 4.05 3.79 3.67 3.64 3.34 4.09 3.51 3.63 
H2-H1 1.1 1.1 1.4 1.4 1.2 1.2 0.8 1.4 0.9 0.8 
OCH 3.61 4.27 4.75 4.16 5.81 5.8 4.62 4.85 5.48 5.18 
OCH-SCH1 1.2 1.7 2.1 1.8 3.36 3.35 2.08 2.19 2.86 2.36 
OCH-SCH2 0.1 0.6 0.7 0.37 2.14 2.16 1.28 0.76 1.97 1.55 
OCS 87.18 84.3 83.56 85.06 85.36 82.21 90.28 82.72 87.87 85.9 
C=O 215.26 213.26 203.98 205.93 203.33 205.07 203.06 201.99 200.2 201.09 
CO-OCS 128 129 120 121 118 123 113 119 112 115 
* Chemical shifts were computed at the DFT (B3LYP/6-31G*) level with single point calculations on the RM1 
semi-empirical MO optimised structures. 
 
Hav i n g  n o t ed  r e l a t i v e  chemi ca l  sh i f t s  ( as  wel l  a s  d i f f e r en ces  i n  
ch e mi ca l  s h i f t s  be tween  s e l ec t ed  nu c le i )  i n  t he  ex p e r i men t a l  s p e c t r a  o f  
1 8 6  a nd  18 5 ,  s imi la r  t r end s  we re  s ough t  i n  th e  comp ut ed  sh i f t s  wh en  
comp ar i n g  ( a )  wi th  t he  o t he r  s t r uc tu r e s  (b ) - (h ) .   W e r ea s on ed  t h a t  
co mp ar i so n  o f  r e l a t iv e  r a t h er  t h an  abs o l u t e  chemi ca l  sh i f t s  wou ld  l e ad  
t o  t he  can ce l l a t ion  o f  e r ro rs  t h a t  a r e  i n h e ren t  i n  t h e  ca l cu l a t i on  o f  
ch emi ca l  sh i f t s  a t  t h e  B3 LYP/ 6 -3 1G*  l ev e l .  
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T h e  f o l l o win g  c r i t e r i a  we re  us ed  t o  m at ch  t h e  s t ru c tu r es :  
1 .  SC H:  δH  ( b - h )  <  δH  ( a )  
2 .  O C H:  δH  ( b - h )  <  δH  ( a )  
3 .  O CS:  δC  (b -h )  >  δC  ( a )  
4 .  C = O:  δC  (b -h )  >  δC  ( a )  
5 .  δH 2 -δH 1  (b -h )  ≈  δH 2 -δH 1  ( a )  
6 .  δO C H -δ S C H 1  ( b -h )  <  δO C H -δ S C H 1  ( a )  
7 .  δO C H -δ S C H 2  ( b -h )  <  δO C H -δ S C H 2  ( a )  
8 .  δC O -δO C S  (b -h )  ≈  δC O -δO C S  ( a )  
 
In  r e a l i t y ,  t h e  d a t a  f o r  ( a )  n e ed s  t o  be  c o mp a r ed  o n l y w i t h  ( b ) ,  ( f )  and  
(h )  a s  t h es e  a r e  t he  on l y s t r uc tu r es  t ha t  a r e  pos s i b l e  f rom t h e  r eac t i on  
o f  t h e  exo -h yd rox yt h i o l  wi th  camph o rq u i no n e .   Acco rd i n g  t o  th e  
c r i t e r i a  (wh e re  a  ma t ch  i s  i nd i ca t ed  by  ye l l ow  f i l l ) ,  t h e  b e s t  m at ch  f o r  
t h e  t h i ok e t a l  18 6  i s  w i th  t he  s econd  mo s t  s t ab l e  s t ruc tu re  (b ) .  
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3. CONCLUSION 
T hi s  p r o j e c t  h as  bee n  in vo lv ed  l a r ge l y  w i t h  t h e  d e ve lo pme n t  an d  u s e  o f  
nove l  c amphor -der i ved  ch i r a l  aux i l i a r i e s  wi t h  a  s econd  camphor  
s k e l e t on  i nco rp ora t ed  a s  a  b l ock i ng  g roup .   Th e  t wo  bor n yl  s k e l e tons  
we re  l i nk ed  v i a  a  k e t a l  un i t ,  a nd  a t t en t io n  w as  g i v en  to  t he  e f f e c t  o f  
r e p l a c i n g  a n  ox yg e n  a t om  i n  t h e  k e t a l  m oi e t y w i t h  n i t r o gen  o n  t h e  
s t e r e o fa c i a l  s e l ec t i v i t y a f f o rd e d  b y t h e  b l o ck i n g  g rou p .  
( 1 R , 2S ) - 2 , 2 - [ (1 R , 2S , 3R ) - Bo r n an e -2 ,3 -d iox y] b o rn a n -3 -o ne  1 57 a  an d  
( 1 R , 3R ) - 3 , 3 - [ ( 1R , 2S , 3R ) -b o rn an e - 2 , 3 -d iox y] b o rn a n -2 -o ne  1 58 a  k e t a l s  
w e r e  o b t a i n ed  i n  a  r a t io  o f  7 0 : 30  b y  r e g i os e l e c t i v e  mon o -k e t a l i z a t i on  
o f  c amp ho r qu in on e .   R ed u c t i on  o f  k e t a l  1 57 a  a f fo r d ed  (1 R , 2 S , 3R ) -2 ,2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n-3 - o l  i n  r e a so na b l e  yi e l d s  (6 5  % )  
1 5 9 .   O n e-  an d  t wo - d im en s i on a l  N MR  s p ec t ros c op y a n d  X - r a y  
c r ys t a l l o graph y were  us ed  to  e lu c i d a t e  t h e  s t ru c tu r e  o f  t h i s  a l co ho l .   A  
s e r i e s  o f  c a rbox yl i c  es t e r s  1 60 a - e  w e r e  t he n  s yn t h e s i s ed  f r om  th i s  
c h i r a l  a l co ho l ,  a nd  a lk yl a t io n  o f  t he  c o r r es po nd in g  l i t h i um  en o l a t e  
d e r i v a t i v es  us i n g  b e nz yl  b r om id e  yi e l d ed  d i as t e r eo m er i c  m ix tu r es  o f  
t h e  b enz yl a t ed  p rod u c t s  16 1a -b  i n  14 -30  % d . e .   Th e  s e l ec t iv i t y was  
f o un d  to  co r r e l a t e  w i t h  th e  s i z e  o f  t h e  ac yl  g ro up  i n  t h e  es t e r  m oi e t y.     
T rapp ing  t h e  en o la t es  w i t h  TBSCl  rev e a l e d  t h e  p r e s enc e  o f  u n eq ua l  
am ou nts  o f  t h e  E -  a n d  Z -eno l a t es .   Mo d el l in g  o f  t h e  en o l a t e s  s t ru c tu res  
r e v e a l e d  t ha t ,  i n  bo th  c a s es  t h e  2 ,3 -b o rn a n ed i ox y k e t a l  g ro u p  m a y b e  
l e s s  e f f ec t i v e  th an  en v i s aged  a t  s h i e l d i n g  o n e  f ace  o f  t h e  en o l a t e  
i n t e rm ed i a t e .   Neve r th e l es s ,  t h e r e  i s  a  p ro b ab i l i t y  t h a t  so m e  se l ec t i v i t y  
w i l l  be  obs e rv ed  i n  t h e  a lk yl a t i on  o f  t he s e  s t ruc tu r es .   I t  wou ld  a l so  be  
d e p en d en t  o n  th e  na t u r e  o f  t h e  m et a l  i o n  a s s o c i a t ed  wi t h  t h e  e no l a t e .   
S i n g l e  c r ys t a l  X- ra y an a l ys i s  o f  a  m aj o r  d i a s t e r eo mer  o f  ( 1R , 2 S , 3R ) -
2 , 2 - [ (1 R , 2 S , 3R ) -b or n a n e-2 , 3 -d i ox y] b or n a n -3 - yl 3 ” - m et h yl - 2 ” - benz yl -
b u t a no a t e  1 61 c  con f i rmed  t he  con f igu ra t i on  a t  t h e  newl y- gene ra t ed  
s t e r eo gen i c  cen t e r  t o  b e  t h e  S - co nf i gura t i on .  
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In  c o n t r as t ,  t h e  c h i r a l  a l c oh o l  d e r i v ed  f ro m  ( 1R , 3 R ) -3 ,3 - [ (1 R , 2 S , 3R ) -
b o rn a n e- 2 , 3 -d iox y] b o rn a n -2 -o n e  15 8a  p rov i ded  be t t e r  s e l ec t i v i t y  a s  a  
ch i r a l  aux i l i a ry i n  benz yl a t i on  r eac t ion s  (68 -74  % d . e . ) .    
A  camphor -d e r i ved  ch i r a l  aux i l i a ry  w i th  a  hemiamina l  e the r  a s  a  
b lo c k in g  g ro u p  was  su c c e ss fu l l y  p r e p a r ed .   T h i s  w as  a c h i e ved  b y  
m on o -ox im at io n  o f  c am ph orqu in on e  us in g  h yd rox yl ami ne  fo l lo wed  b y 
r educ t i on  t o  a f fo rd  3 -exo - ami no i so bo rn a - 2 -o l  i n  o v er a l l  y i e l d  o f  52  % .   
K e t a l i z a t io n  o f  c a m ph orqu in on e  w i t h  3 -a mi no -2 - hyd r o x yb o r n a ne  
fo l l owed  b y r educ t i on  a f fo rd ed  (1 R , 2S , 3S ) -3 ,3 - [ (1 R , 2S , 3R ) - bo r nan e -3 -
a mi no - 2 -ox y] b o rn an - 2 -o l .   Ho w ev e r ,  p o or  a s ym m e t r i c  i nd u c t i on  w as  
o bs e r v ed  in  t he  α -be nz yl a t io n  o f  i t s  p ro p an o a t e  e s t e r  ( 22  %  d . e . ) .    
T h e  u s e  o f  10 - me rc a p t o - i so -b o rn e o l  w a s  a l s o  ex p lo r e d  a s  a  b l o ck in g 
g ro u p ,  b u t  l i t t l e  s e l e c t iv i t y w a s  o bs e rv e d .  T h i s  p r e cu rs o r  w as  
s yn t h e s i z ed  in  t wo  s t e ps  f r om  c am pho r su l f on i c  a c i d .   K e t a l i z a t io n  o f  
c am ph or qu in on e  wi th  10 -m ercap to - i so - bo r n eo l  a f fo r d ed  b o t h  t h e  C -2  
a n d  C - 3  t h io k e t a l s .   T h e  k e t on es  w e r e  r e d u c ed  to  a l c oh o l s  whi c h  w er e  
a c yl a t e d .   H o w ev e r ,  b enz yl a t io n  o f  t he  c o r r es po nd in g  p ro p an o a t e  es t e r s  
r e s u l t e d  i n  po o r  d i a s t e r e os e l e c t iv i t y ( u p  to  1 0  %  d . e . ) .  
A t t e n t i on  h a s  a l so  b e e n  g i ven  to  a s ym m et r i c  r e d u c t i on  o f  α -ke to - es t e r s  
u s i n g  (1 R , 2S , 3 R ) -2 , 2 - [ (1 R , 2 S , 3R ) -b or n a n e-2 , 3 -d iox y] b or n a n -3 -o l  a nd  
( 1 R , 2S , 3 R ) -3 ,3 - [ (1R , 2S , 3 R ) - bo r n an e -2 , 3 -d iox y] b o rn a n-2 -o l  a s  c h i r a l  
a ux i l i a r i es .   K e t o  e s t e r  d e r iv e d  f ro m  t h e  h yd r o x y k e t a l  15 9  was  
s u c c ess f u l l y p r e p a re d ,  bu t  a  m ax im um o f  o n l y 3 5  %  d . e .  w a s  o b t a i ne d  
u p on  r ed u c t i on  wi th  a  r an ge  o f  m e ta l  h yd r i d es ,  v i z . ,  S u pe r - H yd r i d e ,  L-
S e l ec t r i d e  an d  NaBH 4 .   T h e  us e  o f  (1 R , 2 S , 3R ) -3 ,3 - [ (1 R , 2S , 3R ) -b o rn an e -
2 , 3 -d i ox y] bo rn an -2-o l  a s  th e  ch i ra l  aux i l i a ry  s h owed  s l i gh t l y  
i mp ro v em en t  on  s e l e c t iv i t y  ( 3 6  %  d .e . ) .   Co nfo rm at i ona l  a n a l ys i s  o f  
t h e  α - k e t o  es t e r  d e r i va t i ve s  1 98 a  and  2 0 0  r ev ea l ed  th a t  b o t h  ad op t  s -
t r an s  con f orm at i ons .  
 
 
Discussion  N.Skiti-Mama  
 
147 
Fu tu r e  wo rk  i s  ex pec t ed  t o  add res s :  
*   D e v e l op in g  m or e  e f f i c i e n t  m et hod s  fo r  h yd r o l ys i s  o f  t h e  
b e nz yl a t e d  es t e r s .  
*   The  ro l e  o f  a  coo rd i na t i ng  so lven t  a s  we l l  a s  met a l  i on  i n  
i n c r ea s in g  d i as t e reo - f ac i a l  s e l ec t i v i t y i n  b o t h  a lk yl a t io n  an d  
a s ym m e t r i c  r ed u c t io n  r e a c t io ns .  
*   Ex p lo r i n g  t h e  p re p a r a t io n  a nd  s t e r e o - d i re c t in g  p o t en t i a l  o f  
c amph or -der ived  ch i ra l  aux i l i a r i es  w i t h  bo rn ane -2 ,10-d io l  2 03  
an d  bo rn an e -2 ,3 -d iami n e  20 4  a s  b lo ck i n g  g rou ps .  
*  Ex t e nd in g  t h e  us e  o f  h yd r ox y k e t a l s  a s  c h i r a l  a ux i l i a r i es  i n  o th e r  
a s ymmet r i c  t r ans fo rmat ions  such  a s  Di e l s -A lde r  r eac t i ons .  
 
  
204
NH2
NH2
OH
OH
203
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4. EXPERIMENTAL 
4.1 General 
 
A  K o f l e r  H o t  S t age  a p p a r a t us  wa s  u s ed  t o  d e t e r min e  m el t i n g  
p o i n t s ,  wh i c h  a r e  u n co r r e c t ed .   IR  sp e c t r a  w e re  r e co r de d  on  a  
P e rk in  E l me r  1 80  s p e c t ro me t e r ,  u s i ng  K Br  d i s cs  o r  l i qu id  f i lm s .   
U n l e s s  i nd i c a t e d  o t h e r wi s e ,  1 H - NM R  a n d  1 3 C - NMR  s p ec t r a  w e re  
r e c o rd e d  o n  a  B r uke r  A v an c e  DPX  300  s p e c t r om et e r  fo r  s o l u t i on s  
i n  C DC1 3 .   C ou p l i ng  c o n s t a n t s  (J )  a re  g i v e n  i n  Hz  wh i l e  c h e m i c a l  
s h i f t s  a r e  ex p r es s ed  in  p a r t s  p e r  mi l l i on  ( ppm )  r e f e re n ce d  us in g  
t h e  ch lo r o f o rm  s i gn a l s  a t  7 . 25  pp m  f o r  1 H  s p e c t r a  a nd  a t  7 7 . 0  
p pm  f o r  t he  c e n t r e  l i n e  o f  t h e  C D C l 3  t r i p l e t  f o r  1 3 C  s p e c t r a .   Lo w   
r e s o l u t i o n  m a s s  s p e c t r a  w e r e  r e co rd e d  on  a  H e wl e t t  P a c k ard  
5 9 88 A  m a ss  sp e c t ro m et e r  an d  h i gh   r e s o l u t i on  m ass  s p ec t r a  on  a  
d o ub l e – fo cu s i n g  K r a to s  MS 80  R F  m as s  s p e c t ro m et e r  ( C a pe  
T e c hn ik on  M as s  S pe c t ro m et r y U n i t ) .  
 
S em i - p r ep a r a t i v e  H P LC  w a s  c a r r i e d  o u t  on  a  Sp e c t ra – Ph ys i cs  
P 10 0  c h r om at o gr ap h  us in g  a  2 50  x  1 0  m m S ph e r i so r b  5 5  W  
n o rm al  p h as e  c o lum n.   C o lu mn  c h rom at o gr a ph y w a s  p e r f o rm ed  
u s i n g  Me r c k  S i l i ca  ge l  60  [ p a r t i c l e  s i z e  0 . 04 0 -0 .0 63  m m ( 23 0 -
4 0 0m  m e sh] ,  wh i l e  p r e p a r a t i v e  t h i n  l aye r  c h r o ma to gr a phy ( P T LC )  
w a s  c a r r i e d  ou t  on  g l a s s  p l a t e s  c o a t ed  wi t h  M e rc k  S i l i ca  ge l  6 0  
F 2 5 4 .   Th i n  l a ye r  c h r om at o gr ap h y ( T LC )  a n a l ys e s  we r e  pe r f o rm ed  
o n  p r e co a t e d  M e rck  S i l i c a  ge l  6 0  F 2 5 4  p l a s t i c  o r  a lu m i nu m  s h e e t s  
a n d  c om po un ds  de t e c t e d  b y  i n sp e c t io n  un de r  U V  l igh t  a n d  
ex po su r e  to  i od i n e  v a po u r .  
 
S o lv e n t s  w er e  d r i ed  un de r  N 2  u s in g  the  fo l l o win g  me th ods : -  
 
*  Be nz e n e ,  E t 2 O  ( d i e t h yl  e t h e r )  a nd  T H F ( t e t r a h yd r o f u r a n )  
w e r e  d r i ed  b y b o i l i n g  u n de r  r e f l ux  o v e r  s od iu m  w i re  i n  t h e  
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p r e s en c e  o f  b enz o p he no n e ,  d i s t i l l ed  a n d  co l l ec t ed  o v e r  4 Å 
m ol e cu l a r  s i e v es .  
*  H ex a ne  w as  d r i e d  by  b o i l i n g  u nd e r  r e f l ux  ov e r  so d i um  w i r e ,  
d i s t i l l e d  a nd  co l l ec t e d  ov e r  4 Å m ol e cu l a r  s i e ve s .  
*  D i m et h yl f o r m am i de  ( DM F )  an d  t r i e t h yl a m i n e  (E t 3 N )  w e r e  
b o i l e d  u nd e r  r e f lux  o v e r  4 Å  mo l ec u l a r  s i ev e s ,  d i s t i l l e d  and  
c o l l e c t ed  o v e r  4Å  m ol e cu l a r  s i e v es .  
*  D i i so p ro p yl a m in e  w a s  bo i l ed  u nde r  r e f lux  o v e r  N a H ,  
d i s t i l l e d  a nd  co l l ec t e d  ov e r  4 Å m ol e cu l a r  s i e ve s .  
 
N a H  (6 5  % )  w as  wa s h ed  f re e  o f  o i l  p r i o r  t o  u s e ,  b y s t i r r i n g  i n  d r y  
p e t r o l e um  e th e r  (40 - 60 o C )  an d  h ex an e .   A f t e r  a l l o w in g  the  N a H  t o  
s e t t l e ,  t h e  s o l v e n t  w a s  d e c an t e d ;  t h i s  p ro c es s  w a s  r ep e a t e d  3  
t im es .   L i th ium t r i - s e c -b u t yl b o roh yd r i d e  ( L– S e l e c t r i de )  an d  
S up e r -H yd r i d e ®  were  s up p l i ed  as  1 . 0  M  s o lu t i o ns  i n  T H F b y 
A l d r i c h  an d  b u t yl l i t h ium  w as  su pp l i e d  a s  1 .6  M  a nd  10  M 
s o l u t i on s  i n  h ex a n e .  
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4.2 Syntheses 
 
4 .2 .1  Preparation of chiral  auxil iaries .  
 
( - ) -C a m p ho rq u i no ne  15 5 1 4 6  
 
S e O 2  ( 10 0 . 00  g ,  90  mm ol )  an d  ( +) - ca m ph or  ( 80 .0 0  g ,  5 3  m mol )  
w e r e  m i x e d  i n  ac e t i c  a nh yd r i d e  ( 80  m l )  a nd  t h e  m i x t u r e  r e f l ux ed  
f o r  4  h  b e fo r e  b e in g  s t i r r ed  o v e rn i gh t  a t  r o om  t emp e ra t u r e .  Th e  
r e s u l t a n t  b l a c k  se l e n ium  po wd e r  w a s  r e mo ve d  b y f i l t r a t i o n  and  
t h e  f i l t r a t e  n e u t r a l i z ed  w i th  10  % aq .  N a O H  a t  0  o C .  T he  ye l l o w 
p r e c i p i t a t e  w a s  f i l t e r ed ,  wa s h e d  wi t h  w a t e r  a nd  d r i ed  as  f a r  a s  
p os s i b l e .  Th i s  m at e r i a l  w as  r ap id l y r e c r ys t a l l i z e d  f r om  pe t ro l eum 
e t h e r  (4 0 -6 0  o C )  t o  a f fo rd  b r i gh t  ye l l o w  n e e d l es  o f  ( - ) -
c a m ph or qu in on e  15 5  ( 65  g ,  3 9mm ol ,  74  % ) ,  mp  1 95 - 19 8  o C  
( l i t . 1 4 3  1 83 - 18 6  o C  ) .  νm a x  ( K B r / c m - 1 )  1 7 70  a nd  17 50  (C O ) ;  δH  
( 3 00  MHz ;  C DC l 3 )  0 .9 1 ,  1 . 03  a nd  1 .0 7  (9 H ,  3x s ,  8 - ,  9 -  a n d  1 0 -
C H 3 ) ,  1 .5 5 -2 .1 9  ( 4H ,  m ,  5 - an d  6 -C H 2 )  a nd  2 .5 9  (1 H,  d ,  4 -H ,  J  
5 . 3 ) ;  δC  (7 5  M Hz ;  C DCl 3 )  9 . 13  ( C -1 0) ,  1 7 . 76  (C - 8 ) ,  21 .4 7  (C - 9 ) ,  
2 2 .4 0  (C - 5 ) ,  30 .2 9  ( C -6 ) ,  42 . 96  (C -7) ,  58 .3 0  ( C -4 ) ,  59 .0 1  (C -1 ) ,  
2 0 3 . 25  ( C- 2 )  a nd  20 5 .2 4  (C -3 ) .  
 
2 - E xo - 3 - e x o - d i h yd r ox yb o r n an e  156 . 1 4 7  
 
S o l i d  c am ph or qu ino n e  15 5  (5 .0 0  g ,  3 0  mmo l )  w as  a dd e d  to  a  
s us p en s io n  o f  LA H  ( 1 . 25  g ,  33  mm ol )  i n  a nh yd r o us  E t 2 O  ( 1 00  ml )  
u n de r  a n  i n e r t  a t m o s p he r e .  T h e  re a c t i on  m i x t u r e  w a s  t h en  
r e f lux ed  fo r  2  h ,  d u r i n g  wh i c h  t i me  t h e  ye l l o w c o l our  o f  t he  
i n i t i a l  m ix t u re  c omp l e t e l y d i s ap p e ar e d .  H 2 O  (6  m l )  a nd  10  %  a q .  
N a O H  ( 6  ml )  we r e  s u c ce s s iv e l y  a d d e d  an d  t h e  r e s u l t i n g  
p r ec i p i t a t e  f i l t e r ed .  Th e  f i l t r a t e  w a s  d r i ed  (M gSO 4 )  a nd  
c o n c en t r a t e d  i n  v ac u o .  Th e  c ru d e  p rod u c t  w as  r ec r ys t a l l i s ed  f rom 
Experimental  N. Skiti-Mama 151 
p e t r o l e um  e t he r  ( 6 0 -8 0  o C )  t o  a f f o r d  2 - e x o - 3 - ex o -
d ih yd r ox yb o r n an e  1 5 6  ( 3 . 76  g ,  22  mm ol ,  7 1  % )  as  a  wh i t e  s o l i d ;   
m p  23 2- 23 8  °C  ( l i t . 1 4 4  23 0- 23 1  °C ) ;  νm a x  ( K B r ) / cm - 1  34 90  ( O H ) ;  
δH  ( 30 0  M Hz ;  C DCl 3 )  0 .7 7 ,  0 .9 3  an d  1 .1 0  ( 9 H,  3  x  s ,  8 -  , 9 -  and  
1 0 -C H 3 ) ,  0 .9 4 ,  1 . 45  a nd  1 . 62  ( 4H ,  3  x  m ,  5 -  a nd  6 -  CH 2 ) ,  1 . 77  (  
1 H ,  d ,  4 - H,  J  4 . 6 )  2 . 52  an d  2 .6 2  (2H ,  2  x  b r ,  2  x  O H)  a n d  3 .60  
a n d  3 .8 2  ( 2 H,  2  x  d ,  2 -  an d  3 - H,  J  6 .9  )  ) ;  δC  (7 5  M Hz ;  C DCl 3 )  
1 1 .0 ,  21 .0  a nd  2 1 .8  ( C -8 ,  C - 9  a nd  C -1 0 ) ,  2 4 . 1  a nd  3 3 . 2  ( C -5  a n d  
C - 6 )  4 6 . 5   a nd  4 8 .8  ( C -1  a nd  C -7 )  ,  51 . 6  (C -4 ) ,  7 6 . 3  a nd  8 0 .0  ( C -
2  an d  C- 3 ) .        
 
( 1 R, 2S ) - 2 , 2 - [ (1 R , 2S , 3R ) - B or na n e- 2 , 3 -d io x y] born an - 3 -o ne  1 57a  
a n d  (1 R ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rna n e -2 ,3 - d io x y] borna n -2 - on e  
1 5 8a .  
 
A  mix t u re  o f  c am ph o rq u i no n e  1 55  ( 5 .0 0  g ,  29 .0  mm ol ) ,  2 - e x o - 3 -
e x o - d ih yd r ox yb o r na n e  15 6  (4 .9 0  g ,  2 9 .0  m mol )  a n d  p -
t o l ue n es u l fo n i c  a c i d  ( 0 . 3  g )  i n  b enz en e  ( 50  m l )  w as  p l a c e d  i n  a  
r e a c t i on  v e s s e l  f i t t e d  w i t h  a  D e an -S t a rk  t r a p  an d  b o i l e d  un d er  
r e f lux  f o r  12  h .  Du r in g  th i s  p e r io d ,  a p p rox im at e l y 1  ml  o f  H 2 O  
w a s  co l l e c t ed .  Th e  r e a c t i on  m ix t u r e  wa s  t r e a t e d  wi t h  1 M  N a O H  (2  
x  50  ml )  fo l l o w ed  w i t h  H 2 O  (2  x  5 0  m l )  a nd  d r i ed  wi t h  a n h yd r o u s  
M gS O 4 .   A f t e r  r emo v i n g  t h e  s o lv en t  i n  v a c uo ,  t h e  c ru d e  m ix tu re  
w a s  p u r i f i ed  b y c o lum n  ch ro m ato gr a p h y [ s i l i c a ,  e l u t i on  wi t h  
h ex an e : e th yl  a c e t a t e  ( 9 . 5 : 0 . 5 ) ] .   
 
T h e  f i r s t  p ro du c t  e l u t e d  w as  (1 R , 2S ) - 2 , 2 - [ (1 R , 2S ,3 R ) -b or na n e -
2 , 3 - d i o xy] bor na n -3 - o n e  15 7a  ( 2 . 20  g ,  6 . 9m mol ,  55  % ) ;  m p  96 .7 -
9 9 .1  o C ;  νm a x  ( K B r) / cm - 1  17 70  ( CO ) ;  δH  (3 00  M Hz;  CDCl 3 )  0 .7 ,  
0 . 91 .  0 . 97 ,  1 .0 ,  1 .0 2 ,  a nd  1 . 09  (1 8  H ,  6x s ,  8 ’ ,  9 ’ ,  10 ’  8 ,  9 ,  1 0 -
C H 3 ) ,  1 . 30 –1 .8 0  ( 8  H ,  m ,  5 ’ ,  6 ’ ,  5  a nd  6 -C H 2 ) ,  1 .9 0  (1  H ,  d ,  4 ’ -H  
J  4 . 73 ) ,  2 .1 2  ( 1  H ,  m ,  4 - H ,  J  11 .0 0 ) ,  4 . 2 7  (1 H,  d ,  2 ’ - H ,  J  5 . 8 )  a nd  
4 . 36  (1 H ,  d ,  3 ’ -H ,  J   6 .2 4 ) ;  δC  (7 5  MH z ;  C DCl 3 )  1 0 . 66  a n d  1 1 . 21  
( C -1 0  an d  C- 10 ’ ) ,  1 8 .7 6 ,  2 1 . 26 ,  2 1 . 80  a nd  23 .1 6  (C - 8 ,  C - 8 ’ ,  C -9  
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a n d  C - 9 ’ ) ,  2 3 . 3 4 ,  2 3 .9 6 ,  30 .0 6  an d  32 . 51  (C - 5 ,  C - 5 ’ ,  C - 6  a nd  C -
6 ’ ) ,  44 .4 9 ,  4 6 . 56  a n d  4 7 . 85  ( C- 1 ’ ,  C -7 ’  a n d  C - 7 ) ,  4 7 . 53  ( C - 4 ’ ) ,  
5 1 .2 0  ( C- 1 ) ,  59 .5 9  (C -4 ) ,  8 3 . 19  a n d  89 .5 2  (C -2 ’  a n d  C -
3 ’ ) ,1 09 .0 1 ,  ( C- 2 )  an d  21 5 . 84  ( C -3 ) ;  m /z  3 18 .2 20 76  ( M + ,  3 5 . 4  % )  
C 2 0 H 3 0 O 3  r e qu i r es  M + ,  31 8 . 21 95 1 ) .  
 
T h e  s e co nd  p ro du c t  e lu t ed  w as  (1 R , 3R ) - 3 , 3 - [ (1 R , 2S ,3 R ) - b or na n e-
2 , 3 - d i o xy] bor na n -2 - o n e  1 58 a  (1 .1 0  g ,  3 . 4  mm ol ,  2 7  % )  ;  m p  
1 1 5 . 2 - 11 7 . 3  o C  ;  νm a x  ( K B r ) / cm - 1  1 7 72  (C O ) ;  δH  ( 30 0  MHz ;  
C DCl 3 )  0 . 85 ,  0 . 95 ,  1 . 00 ,  1 .1 0  a nd  1 . 3  ( 1 8 H,  6x s ,  8 - ,  9 - ,  1 0 - ,  8 ’ - ,  
9 ’ -  an d  10 -C H 3 ) ,  0 .8 2 ,  0 . 86 ,  1 . 4 -1 .8 5  (8 H ,  m ,  5 - ,  6 - ,  5 ’ - ,  6 ’ -C H 2 ) ,  
1 . 95  ( 1H ,  d ,  4 ’ - H ,  J  4 . 93 ) ,  2 .1 5  (1 H ,  d ,  4 -H ,  J  2 . 79 ) ,  3 .8  a n d  3 .9  
( 2 H ,  2  x  d ,  2 ’ -  and  3 ’ - H ,  J  6 .5 8 ) ;  δC  ( 7 5  M Hz ;  C DCl 3 )  9 . 79  and  
1 1 .2 8  (C -1 0  a nd  C- 1 0 ’ ) ,  20 .2 5 ,  2 0 . 54 ,  2 1 . 72  a n d  23 .0 9  ( C -8 ,  C -
8 ’ ,  C -9  an d  C -9 ’ ) ,  2 1 ,4 1 ,  2 3 . 09 ,  3 0 . 81  a nd  32 .3 9  (C - 5 ,  C - 5 ’ ,  C -6  
a n d  C -6 ’ )  4 4 . 05  an d  4 6 . 71  (C -1 ’  and  C- 7 ’ ) ,  4 7 . 53  (C -4 ’ ) ,  49 .5 6  
( C -4 ) ,  57 .9 4  (C - 1 ) ,  8 3 . 05  an d  87 .7 6  (C - 2 ’  an d  C -3 ’ ) ,  1 07 . 49  ( C- 3 )  
a n d  2 13 .0 5  ( C- 2 ) ;  m /z  31 8 . 21 96 8  ( M + ,  35 .4  % )  C 2 0 H 3 0 O 3  r e q u i r es  
M + ,  31 8 . 21 94 6 ) .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -3 - o l  15 9 .  
 
T o  a  s us p en s io n  o f  LA H  ( 0 . 7 3  g ,  1 8 . 8  m mol )  i n  d r y e t h e r  ( 4 0  ml ) ,  
a  so lu t io n  o f  (1 R , 2S , 3 R ) -2 , 2 - [ (1 R , 2 S , 3R ) -b o r n a n e- 2 , 3 -
d iox y] b o rn a n -3 -o ne  1 57 a  (4 .0 1  g ,  12 . 5  mm ol )  i n  e th e r  ( 3 0  ml )  
w a s  ad d ed  d ro p- wi s e  a t  - 20  °C .   T h e  mix t u re  w as  r e f lux ed  
o v e rn i gh t ,  f o l l o w ed  b y q u e n c h i n g  o f  ex c e s s  LA H  w i th  H 2 O  (5  ml )  
a n d  3M  N a OH  ( 5  m l ) .   A f t e r  ex t r ac t i n g  th e  p ro du c t  w i t h  e t h yl  
a c e t a t e  ( 3  x  5 0  m l ) ,  t he  o r ga n i c  l a ye r  w a s  d r i e d  wi t h  M gS O 4  a nd  
c o n c en t r a t e d  i n  vac u o .  Ch r om at o gr aph i c  p u r i f i c a t i on  o f  t h e  c ru de  
p r od u c t  a f f o rd ed  (1 R ,2 S , 3R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - bo rna n e -2 ,3 -
d io x y] born an - 3 -o l  1 5 9  a s  a  wh i t e  so l id ;  (3 .2 1  g ,  1 0  mm ol ,  7 9  %) ;  
m p  12 2 . 4 -1 23 .2  o C ;  νm a x  (K Br ) / c m - 1  35 01  ( OH ) ;  δH  (3 0 0  MHz ;  
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C DCl 3 )  0 .8 0 ,  0 . 82 ,  0 .9 0 ,  1 .0 0 ,  1 . 15  an d  1 .2 0  ( 18 H,  6x s ,  8 ’ - ,  9 ’ - ,  
1 0 ’ - ,  8 - ,  9 -  a nd  10 - C H 3 ) ,  1 .2 6 -1 .4 2  an d  1 . 7 - 1 . 8  (8 H,  m ,  5 ’ - ,  6 ’ - ,  
5 - a nd  6 -C H 2 ) ,  1 .6 4  ( 1 H,  m ,  4 - H ) ,  1 . 98  (1 H ,  d ,  3 - O H,  J  5 . 4 ) ,  1 . 91  
( 1 H ,  d ,  4 - H ) ,  3 . 5  (1 H ,  d ,  3 - H,  J  5 .2  ) ,  3 . 94  a nd  4 . 20  ( 2H ,  2x d ,  2 ’ -  
a n d  3 ’ - H ) ;  δC  (7 5  M Hz;  CDCl 3 )  1 1 .2 2  an d  1 1 .2 8  ( C- 10  a nd  C-
1 0 ’ ) ,  21 .3 9 ,  2 1 , 8 9  a n d  2 3 . 05  (C - 8 ,  C -8 ’ ,  C -9 ,  C -9 ’ )  2 4 . 03 ,  2 5 . 15 ,  
2 9 .9 5  a nd  32 .9 5  (C - 5 ,  C -5 ’ ,  C -6  and  C- 6 ’ ) ,  4 6 . 34  (C -1 ’ ) ,  4 7 . 49  
( C -4 ’ ) ,  4 8 . 03  a nd  48 . 07  (C -7 ’  a nd  C -7 ) ,  51 .6 4  (C -1 ) ,  5 2 .5 8  (C -4 ) ,  
8 1 .3 2  a nd  83 .4 7  (C - 2 ’  a nd  C -3 ’ ) ,  89 . 6 8  (C - 3 )  a nd  11 8 .0 8  (C -2 ) ;  
m /z  3 20 .2 35 06  (M + ,  0 . 5  % )  C 2 0 H 3 2 O 3  re q u i r es  M + ,  32 0 . 235 1 5 .  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - o l  16 7  
 
M e t h od  1 :   U s i n g  LA H .   
 
A  s o l u t i on  o f  k e ton e  1 58 a  (2 .0 0  g ,  6 . 3  mm ol )  i n  d r y e t h e r  w a s  
a d d ed  d r op - wi s e  t o  a  s us p en s io n  o f  LA H  (0 .4 7  g ,  1 2 . 6  m mol )  i n  
d r y e t h e r  ( 40  m l )  a t  - 20  °C .   T he  mix tu r e  w as  r e f l ux ed  ov e r n i gh t ,  
f o l l o w e d  b y q u e n ch in g  o f  ex c es s  LA H  wi th  H 2 O  (5  ml )  and  3M  
N a O H  ( 5  m l ) .   A f t e r  ex t r a c t i n g  t he  p r od u c t  w i t h  e t h yl  a c e t a t e  (3  x  
5 0  ml ) ,  t h e  o r ga n i c  l a ye r  w a s  d r i e d  wi t h  M gSO 4  a nd  co n ce n t r a t ed  
i n  v a cu o .  Ch ro m at o gr ap h i c  p u r i f i c a t i on  o f  t h e  c r ud e  p r o du c t  
[ s i l i c a  ge l ,  e l u t i on  wi t h  h ex a n e : e t hyl  a c e t a t e  (9 : 1 ) ]  a f f o rd e d  
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -2 - o l  1 67  
a s  a  wh i t e  so l id  (1 . 45  g ,  4 . 5  m mol ,  7 5  % ) ;  mp  1 32 .1 -1 3 4 . 4  o C ;  
νm a x  (K Br ) / c m - 1  3 48 9 ( OH ) ;  δH  (3 00  MH z ;  C DCl 3 )  0 . 78 ,  0 . 8 1 ,  0 .9 0 ,  
1 . 98 ,  1 .1 0  a nd  1 . 16  ( 1 8H ,  6x s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  1 0 -  a n d  1 0 ’ -C H 3 ) ;  
0 . 82 –0 .9 4  a nd  1 .48 - 1 . 71  (8 H ,  c omp lex  o f  m ul t i p l e t s ,  5 - ,  5 ’ - ,  6 -  
a n d  6 ’ -C H 2 ) ,  1 .8 2  ( 1 H ,  d ,  4 ’ - H ) ,  1 . 95  ( 1 H ,  d ,  4 -H ) ,  2 .6 2  ( 1 H ,  d ,  
O H ) ,  3 . 6 6  ( 1H ,  d ,  2 - H ) ,  3 . 83  an d  3 . 95  ( 2H ,  2x d ,  2 ’ -  a nd  3 ’ - CH ) ;  
δC  ( 75  M Hz ) ;  1 1 . 25  ( C -1 0) ,  11 .4 5  (C -1 0 ’ ) ,  20 .3 1  (C - 8 ) ,  2 1 .1 0  (C -
5 ) ,  21 .3 0  ( C- 8 ’ ) ,  22 . 32  ( C- 9 ) ,  2 3 . 01  ( C -9 ’ ) ,  23 .5 1  (C - 5 ’ ) ,  3 2 . 35  
( C -6 ) ,  33 .7 1  (C -6 ’ ) ,  4 6 . 64  (C - 1 ) ,  47 . 54  (C -4 ’ ) ,  47 .8 4  ( C -1 ’ ) ,  
4 8 .2 7  (C - 7 ) ,  4 9 . 56  ( C -7 ’ ) ,  50 .3 6  (C - 4 ) ,  83 .0 2  ( C- 2 ’ ) ,  8 3 .7 5  (C -2 ) ,  
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8 6 .8 7  (C - 3 ’ )  an d  1 15 .1 6  (C - 3 ) ;  m/ z  32 0 . 21 92 6  ( M + ,  0 . 5  % )  
C 2 0 H 3 2 O 3  r e qu i r es  M ,  3 20 .2 19 46 .  
 
M e t h od  2 :    U s i n g  S up e r -H yd r id e  ( Li E t 3 B H )   
 
1  M  S up e r - H yd r i d e  ( Li E t 3 BH)  ( 14  ml ,  1 4 .0  mmo l )  w a s  ad d ed  to  a  
s o l u t i on  o f  k e to n e  1 5 8a  ( 3 . 0  g ,  9 .4  mm ol )  i n  d r y T H F ( 5 0  ml )  a t  -
7 8  0 C  u nd e r  an  i ne r t  a tm os ph e r e .   T h e  s us p en s io n  wa s  s t i r r ed  
o v e rn i gh t  a t  ro om t em p e ra tu r e  an d  q u en c h ed  b y t h e  su c c e s s i ve  
a d d i t i o ns  o f  H 2 O  ( 4  ml ) ,  E t OH  ( 1 4  m l )  a n d  3 M  N a OH ( 2 0  ml ) ,  
f o l l o w e d  b y t h e  s l o w a dd i t i on  o f  30  %  H 2 O 2  (1 6  ml ) .   Th e  
r e a c t i on  m i x t u r e  wa s  s t i r r ed  a t  r oo m  t em p e r a tu r e  fo r  2 0  m i n  a nd  
s o l i d  Na 2 CO 3  ad de d  un t i l  s a tu r a t i on  o f  t h e  a qu e ou s  l a ye r  w a s  
a c h i e v ed .  T h e  o r ga n i c  l a ye r  w a s  s e p ar a t ed  a nd  th e  aq u eo us  l a ye r  
ex t r a c t e d  wi t h  E t 2 O  ( 2  x  25  m l ) .  Th e  c om bi ne d  o r ga n i c  l a ye r s  
w e r e  d r i e d  ( an h yd r ou s  M gS O 4 )  a nd  c o n ce n t r a t e d  i n  v a c u o .  
C h rom at o gr a ph i c  p u r i f i c a t i o n  o f  t he  c r u d e  p ro du c t  a f f o rd ed  
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -2 - o l  1 67  
( 2 .7 0  g ,  8 .4  mm ol ,  9 0  %  yi e l d ) .  
 
( - ) -C a m p ho rq u i no ne  m o no - ox i m e 1 4 8  17 0  
 
T o  a  so l u t io n  o f  ca m ph or q u in on e  ( 10 . 0 0  g  ,  6 0  m mol )  i n  e th a no l  
( 2 40  ml )  a nd  pyr i d i n e  (4 0  ml )  w a s  a d de d  h yd r ox yl a m i ne  
h yd r o c h lo r i de  (5 .44  g ,  7 8  m mo l )  i n  sm al l  po r t i o ns .  Th e  r e s u l t i n g  
s o l u t i on  w as  s t i r r ed  f o r  1h  a nd  th e  e th a no l  r e mo v ed  i n  va c uo .  T he  
r e s u l t i n g  o i l  w as  d i lu t e d  wi t h  h ex an e  ( 1 0 0  ml )  a nd  e th yl  a c e t a t e  
( 1 00  ml ) .  Th e  o r ga n i c  ph a s e  wa s  s ep a r a t ed  a nd  w a sh e d  
s u c c es s iv e l y w i t h  2M  H Cl  ( 12 5  m l ) ,  H 2 O  (3 00  ml ) ,  an d  b r i n e  (3 00  
m l ) .  Th e  o r ga n i c  l a ye r  w a s  d r i ed  ( an h yd r o us  M gS O 4 ) ,  f i l t e r e d ,  
a n d  co n c en t r a t e d  i n  va cu o .  Th e  c ru de  p r od u c t  w a s  re c rys t a l l i z ed  
f r om  h e p t an e  t o  a f f o r d  a  m i x t u r e  o f  s y n - an d  a n t i - ox im e  i s om e rs  
1 7 0  a s  a  p a l e - wh i t e  s o l i d  (  5 .8  g ,  3 5  mm ol ,  59  % ) ;  m p  1 49 - 15 1  o C  
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( l i t . 1 4 5  1 51 -1 5 3 o C  ) ;  νm a x  ( K B r ) / cm - 1  34 8  an d  1 77 2  (C O) ;  δH  ( 30 0  
M Hz ;  C DCl 3 )  0 . 82  ( 3 H ,  s ,  8 -C H 3 ) ,  0 . 88  ( 3 H,  s ,  9 - CH 3 ) ,  0 . 9 7  (3 H,  
s ,  1 0 -C H 3 ) ,  1 .4 4 -1 . 5 2  ( 4 H,  m ,  5 -  a nd  6 -C H 2 ) ,  2 .6 4 (1 H,  m ,  4 -H )  
a n d  3 .2 3  ( 1H ,  b r ,  N H ) ;  δC  (7 5  M Hz ;  C DCl 3 )  9 .1 0 / 9 . 89  (C - 10) ,  
1 7 .5 1 /1 8 . 34  ( C- 8 ) ,  2 0 .9 0 / 21 .3 2  (C -9 ) ,  2 3 . 62 /2 3 . 93  (C - 5 ) ,  3 0 . 60 /  
3 0 .8 6  (C - 6 ) ,  44 .8 2 / 45 .3 1  (C -1 ) ,  46 .61 /4 7 . 31  (C - 4 ) ,  5 8 .6 4 / 58 .8 7  
( C -7 ) ,  15 9 . 60 / 16 1 .5 3  ( C- 3 ) ,  2 04 .3  ( C-2 ) .   
 
( 2 S ) - ( - ) -3 - Ex o - amin o i so bo r ne o l  1 71 1 4 9  
 
T o  a  su sp e ns i o n  o f  LA H  ( 5 . 12  g  14 0  m mol )  i n  d r y e t h e r  ( 7 5  ml ) ,  
w a s  ad d ed  d ro p- wi s e  ( - ) - c a mp ho rq u i no n e  m on o- ox im e  17 0  ( 8 .4 6  
g ,  5 1  mm ol )  i n  d r y  d i e t h yl  e t h e r  ( 35 0  m l )  a t  0  o C  u nd e r  n i t ro ge n .  
T h e  mix tu r e  w as  t h e n  r e f lux ed  f o r  2  h  f o l l o w ed  b y q u e n c h i n g  
w i t h  s a t u r a t ed  a que o us  so d i um  s u l f a t e  ( 7 5  ml ) ,  an d  th e  r e s u l t i n g  
w h i t e  p r e c ip i t a t e  w a s  re mo v ed  b y v a c u um  f i l t r a t i o n  an d  w a sh e d  
w i t h  ch lo ro fo rm .  Th e  f i l t r a t e  an d  w ash in gs  w e re  comb ined ,  d r i ed  
o v e r  an h yd r o u s  MgS O 4 ,  f i l t e r e d  and  t h e  s o l v e n t  r em ov e d  i n  
v a c uo .   Co lum n ch rom a to g raph y [ s i l i c a  ge l ,  e l u t i o n  w i th  
h ex an e : e th e r (1 : 1 ) ]  ga v e  t he  ( 2S ) - ( - ) - 3 - e xo - am i n o i s ob o rn e o l  171  
a s  a n  o f f - wh i t e  s o l i d  (4 .3 2  g ,  26  m m o l ,  51  % ) ;  m p  8 6 . 3 - 8 8 . 1  o C ;  
νm a x  ( K B r ) / cm - 1  34 8 2 ;  δH  ( 30 0  MHz ;  C DCl 3 )  0 . 75  ( 3H ,  s ,  10 -
C H 3 ) ,  0 .7 9  a n d  0 . 84  ( 6H ,  s ,  8 - ,  9 -C H 3 ) ,  1 . 01 -1 .2 4  ( 4 H,  m ,  5 -  and  
6 -  C H 2 ) ,  1 . 54  ( 1H ,  d ,  4 - H,  J  4 .6 ) ,  2 .6 2  ( 2H ,  b r ,  N H 2 ) ,  3 . 02  ( 1H ,  
d ,  2 - H,  J  7 . 4 ) ,  3 .3 4  (1 H,  d ,  3 - H ,  J  7 .4 ) ;  δC  (7 5  M Hz ;  C DC l 3 )  
1 1 .4 1 ,  21 .2 0 ,  21 .90  ( C- 8 ,  C- 9 ,  C- 10) ,  26 .9 2 ,  33 .1 2  (C- 5 ,  C -6 ) ,  
4 6 .6 1 ,  4 8 . 71  ( C- 1 ,  C - 7 ) ,  53 .4 1  (C - 4 ) ,  5 7 .3 0  an d  79 .0 2  (C- 2 ,  C - 3 ) .  
 
( 1 R , 3S ) - 3 , 3 - [ (1 R , 2S , 3R ) - B or na n e- 3 -am i no -2 - o xy] bor na n- 2 - on e  
1 7 2   
 
T o  a  s o l u t i on  o f  ca m ph or q u in on e  1 55  (1 .1 9  g ,  7 .2  m mo l )  i n  d r y 
b e nz en e  ( 50  m l )  w a s  a dd e d  ( 2S ) - ( - ) - 3 - e xo - am i n o i s ob o rn e o l  1 71  
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( 1 .2  g ,  7 .2  m mo l )  a n d  PT SA  (0 .5 0  g ) .   Th e  r ea c t io n  mix tu r e  w a s  
b o i l e d  u nd e r  r e f lux  in  a  f l a s k  eq u ipp e d  wi t h  a  D e an  an d  S t a r k  
a p p a ra tu s  f o r  4  h  a nd  d u r in g  th i s  t im e  H 2 O ( 0 . 8  m l )  w as  
co l l ec t ed .  T h e  r e su l t i n g  s o lu t i on  w as  w a s hed  wi t h  1M  NaO H  (30  
m l )  a nd  H 2 O  (3 0  ml ) .  Th e  aq u eo us  l a ye r  w as  ex t r ac t ed  wi th  e th e r  
( 3  x  2 0  ml ) ,  a nd  th e  co mbi n ed  o r ga n i c  l a ye r s  d r i e d  o ve r  
a n h yd r o u s  M gS O 4 .  T h e  so lv e n t  w as  t h en  r em ov e d  i n  va c uo  a n d  
t h e  c ru d e  p r od u c t  c h r om a t o gr a ph e d  [ s i l i c a  ge l ;  e l u t i on  w i t h  
h ex an e - e t h yl  a c e t a t e  ( 9 : 1 ) ]  t o  g iv e  b o t h  a c e t a l s  17 2  an d  17 3 .  
 
F i r s t  p ro du c t  e l u t ed  (mi no r  i som e r  17 3 ) :  ( 0 . 4  g ,  1 . 25  m mol ,  14  
% ) ;  m p  12 1 . 8 -1 22 .7  o C ;  νm a x  ( K B r ) / cm - 1  1 77 6  ( CO ) ;  δH  ( 3 00  MHz ;  
C DCl 3 )  0 .6 4 ,  0 . 79 ,  0 .9 2 ,  0 . 98 ,  1 .0 6  an d  1 .2 8  (1 8H ,  s ,  9 - ,  9 ’ - ,  8 - ,  
8 ’ - ,  1 0 -  an d  1 0 ’ -CH 3 ) ,  1 .1 9 -1 .8 8  (9 H,  s e r i e s  o f  m ul t i p l e t ,  5 - ,  5 ’ - ,  
6 - ,  6 ’ -C H 2  ,  4 ’ - H) ,  1 .8 5  (1 H,  d ,  4 -H ,  J  6 .3 ) ,  2 .0 4  ( 1 H,  m ,  N H ) ,  
3 . 05  a nd  3 . 61  ( 2 H,  2x d ,  2 ’ -  an d  3 ’ - H) ;  δC  ( 75  M Hz ;  C DC l 3 )  9 . 81  
a n d  1 1 . 74  (C - 10  an d  C -1 0 ’ ) ,  20 .8 3  (C - 8  ) ,  2 1 . 37  (C -  8 ’ ) ,  22 .3 5  
( C -  9 ) ,  22 .8 0  (C -9 ’  ) ,  2 3 . 52  (C - 5  ) ,  2 7 .0 4  (C -5 ’ ) ,  31 .19  ( C -  6 ’ ) ,  
3 2 .5 6  ( C- 6  ) ,  4 5 . 56  ( C- 7  ) ,  4 6 . 67  (C- 1 ’ ) ,  4 7 . 82  (C - 4 ) ,  4 9 .3 2  ( C-
7 ’ ) ,  4 9 . 69  (C -4 ’ ) ,  58 . 02  (C -1 ) ,  67 .1 6  (C - 3 ’  ) ,  89 .5 5  (C -  2 ’ ) ,  96 .42  
( C -3  )  a nd  2 16 .5 6  ( C -2 ) ;  m/z  3 17 .2 282 6  ( M + ,  1 .9  % )  C 2 0 H 3 1 N O 2  
r e q u i r es  M + ,  3 17 .46 5 46 .  
 
S e co nd  p r od u c t  e l u t ed  ( m a j o r  i so m er )  w a s  (1 R ,2S , 3S ) - 3 ,3 -
[ (1 R ,3 R ) - b orn an e -3 - a min o -2 -o x y] born a n- 2 -o n e  17 2  ( 1 . 3  g ,  4 .1  
m mol ,  6 5  %) ;  mp  13 4 .9 -1 36 .2  o C ;  νm a x  ( K B r ) / c m - 1  17 74  ( C O ) ;  δH  
(3 00  MHz ;  CDCl 3 )  0 . 79 ,  0 . 87 ,  0 .9 6 ,  1 .0 6 ,  1 . 09  ( 18 H,  5x s ,  9 - ,  9 ’ - ,  
8 - ,  8 ’ - ,  1 0 -  a nd  10 ’ - C H 3 ) ,  1 .3 5 -1 .4 5  an d  1 . 61 -1 .6 9  (8 H,  m ,  5 - ,  5 ’ -
,  6 - ,  6 ’ -C H 2 ) ,  1 . 88  ( 1 H,  d ,  4 ’ - H ) ,  2 . 03  ( 1H ,  m ,  N H ) ,  2 . 16  ( 1H ,  t ,  
4 - H ) ,  3 .5 8  an d  3 . 93  ( 2 H,  2x d ,  2 ’ -  a nd  3 ’ - H,  J  6 . 4 ) ;  δC  ( 7 5  MHz ;  
C DCl 3 )  9 .7 7  (C - 10’ ) ,  1 1 . 90  (C -1 0 ) ,  1 9 .9 0  (C - 9 ’ ) ,  20 .88  (C - 8 ’ ) ,  
2 2 .2 5  (C - 5 ) ,  2 2 . 65  ( C -9 ) ,  23 .4 2  ( C- 8 ) ,  2 6 . 45  (C -5 ’ ) ,  31 .84  (C - 6 ’ ) ,  
3 2 .0 6  (C - 6 ) ,  4 4 . 14  ( C -1 ) ,  46 .7 7  ( C- 7 ’ ) ,  47 .9 6  ( C- 7 ) ,  4 8 . 58  (C - 4 ’ ) ,  
5 3 .7 9  ( C- 4 ) ,  68 .6 8  ( C -3 ’ ) ,  87 .9 0  (C -2 ’ ) ,  9 8 . 28  (C -2 ) ,  21 7 .4 2  ( C-
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3 ) ;  m/ z  31 7 . 23 825  (M + ,  1 . 7  % )  C 2 0 H 3 1 NO 2  r e qu i r es  M + ,  
3 1 7 . 46 54 6 ;  C ,  75 .12 ;  H ,  9 .8 4 ;  N ,  4 .41 ; Fo un d :  C ,  7 4 . 89 ;  H ,  9 .4 1 ;  
N ,  3 .9 9 .   
(1 R , 2S ,3 S ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -3 - a min o -2 -o x y] born a n- 2 -o l  
1 7 4 .  
 
M e t h od  1 :   LA H  r e d u c t io n  
 
T o  a  su sp e ns i on  o f  LA H  ( 0 . 5  g ,  12 .7  m mol )  i n  d r y e t h e r  ( 5 0  ml )  
w a s  s l ow l y a d d e d  a  s o l u t io n  o f  t h e  a m in a l  d e r i v a t i ve  17 2  ( 2 . 0  g ,  
6 . 3  m mo l )  i n  d i e t hyl  e t h e r ,  a t  0  o C  un d e r  a  n i t ro ge n  a tm os ph e r e ,  
a n d  t h e  r e su l t i n g  m ix tu r e  w a s  b o i l ed  u nd e r  r e f l ux  f o r  3  h .  T he  
r e a c t i on  wa s  q u en ch e d  b y t h e  s e qu e n t i a l  a dd i t i on  o f  3M  N a O H  (5  
m l )  a nd  H 2 O  (5  m l ) .  Th e  w h i t e  p re c i p i t a t e  w as  f i l t e r ed  o f f ,  and  
w a s he d  w i t h  e t h yl  a c e t a t e  ( 30  m l ) .  T h e  f i l t r a t e  w as  d r i ed  ov e r  
a n h yd r o u s  M gS O 4 ,  a n d  co n c en t r a t e d  i n  va c uo .  Ch r om ato gr a p h i c  
p u r i f i c a t i o n  o f  t h e  c r u d e  p ro du c t  [ s i l i c a  ge l ,  e l u t i on  wi th  h ex a ne :  
e t h yl  a c e t a t e  ( 8 : 2 ) ]  a f f o r d ed  (1 R ,2 S , 3S ) - 3 , 3 - [ (1 R , 2S ,3 R ) -b or na n e -
3 - a min o -2 -o x y] born a n- 2 -o l  17 4  a s  a  w h i t e  so l id  (0 .9  g ,  2 . 8  m mol ,  
4 5  % ) ,  mp  1 12 .4 -11 3 .8  o C ;  νm a x  ( K B r) / cm - 1  35 00 ;   δH  (30 0  M Hz ;  
C DCl 3 )  0 .7 9 ,  0 . 81  ( 6 H ,  s ,  1 0 - ,  10 ’ -CH 3 ) ,  0 .8 8 ,  0 .9 8  (6 H,  2x s ,  8 ’ - ,  
8 - CH 3 ) ,  1 .0 9 ,  1 .1 9  ( 6 H ,  2x s ,  9 - ,  9 ’ -C H 3 ) ,  1 .2 1 - 1 . 66  ( 9H ,  m ,  5 - ,  
5 ’ - ,  6 - ,  6 ’ -C H 2  and  4 ’ - H ) ,  1 . 76  ( 1H ,  d ,  4 - H,  J  1 0 . 36 ) ,  2 . 02  (1 H,  
m ,  NH ) ,  3 .0 5  (1 H,  s ,  2 - H ) ,  3 . 23  a nd  3 . 6 0  ( 2 H,  2x d ,  2 ’ -  an d  3 ’ - H,  
J  6 . 75  a nd  6 . 79 ) ;  δC  (7 5  MHz ;  C DCl 3 )  1 1 .9 6  an d  11 .9 9  (C - 10  and  
C - 10 ’ ) ,  2 0 . 78  ( C-8 ’ ) ,  21 .9 4  (C -8 ) ,  2 2 .0 4  (C - 6 ) ,  22 .1 2  (C - 9 ) ,  
2 3 .3 8  (C - 9 ’ ) ,  2 6 . 82  (C - 6 ’ ) ,  3 2 . 05  (C- 5 ) ,  33 .7 0  (C -5 ’ ) ,  4 6 .6 7  (C -
1 ) ,  47 .3 6  ( C- 1 ’ ) ,  48 . 02  ( C- 7 ’ ) ,  4 8 . 56  ( C- 4 ’ ) ,  5 0 . 43  (C -7 ) ,  55 .8 3  
( C -4 ) ,  68 .6 2  (C -3 ’ ) ,  8 5 . 05  ( C- 2 ) ,  8 6 .1 9  (C - 2 ’ )  a n d  10 4 .6 9  (C - 3 ) ;  
m /z  31 9 . 25 12 5  ( M + ,  6 . 5  %)  C 2 0 H 3 3 NO 2  r e qu i r e s  M + ,  31 9 .4 75 46 ;  
Fo u nd :  C ,  7 5 . 04 ;  H ,  1 0 . 72 ;  N ,  3 .3 3 ,  r e qu i re s  C ,  75 .8 9 ;  H ,  9 .9 5 ;  
N ,  3 .2 5 .  
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M e t h od  2 :   NaBH 4  r ed uc t i on  
 
A  so l u t io n  o f  k e ton e  1 72  (2 .0  g ,  6 . 3  mm ol )  i n  m et ha no l  (4 0  m l )  
w a s  t r e a t e d  w i t h  Na BH 4  ( 0 . 3  g ,  9 .5  mm ol )  a t  0  o C .   T he  r e s u l t i n g  
s o l u t i on  w a s  s t i r r e d  o v er n i gh t  a t  r o om  t emp e r a t u re .   A f t e r  
r e f l ux i n g  fo r  3  h ,  t h e  r e a c t io n  w as  qu e nc h ed  b y s u c c e s s i v e  
a d d i t i o ns  o f  H 2 O  ( 5  m l )  an d  3M  NaO H  (5  m l ) .   Th e  r e s u l t i n g  
p r e c i p i t a t e  w a s  f i l t e r e d  an d  w as he d  w i t h  e t h yl  a c e t a t e .   Th e  
o r ga n i c  l a ye r  w a s  d r i e d  ( a nh yd r o u s  M gS O 4 )  an d  co nc en t ra t ed  i n  
v a c uo .   T LC  a n a l ys i s  o f  t h e  c ru d e  p rod u c t  sh ow e d  t h e  p re s e n ce  o f  
o n l y t h e  s t a r t i n g  ma t e r i a l .  
 
M e t h od  3 :   LS – S e le c t r i d e  r e duc t i on  
 
T o  a  so l u t i on  o f  k e t on e  17 2  ( 1 .0  g ,  3 .2  mm ol )  i n  d r y T H F ( 2 0  m l )  
w a s  a dd e d  L– S e l e c t r i d e  ( 1  M,  4 .8  ml ,  4 .8  mm ol )  un d er  n i t ro ge n .   
T h e  mix tu re  w as  t h en  s t i r r ed  fo r  12  h  and  t h e  r eac t i on  t h en  
q u en c h ed  wi th  H 2 O ( 6  ml ) .   Th e  c ru d e  p r o du c t  w as  ex t r ac t e d  wi th  
d i e th yl  e t he r ,  d r i e d  ( an h yd r o u s  MgS O 4 )  a nd  co n c en t r a t e d  i n  
v a c uo .   T LC  a n a l ys i s  o f  t h e  c ru d e  p rod u c t  sh ow e d  t h e  p re s e n ce  o f  
o n l y t h e  s t a r t i n g  ma t e r i a l .  
  
M e t h od  4 :   S up e r -H yd r i d e ®  r e du c t io n   
 
S up e r -H yd r i d e  (1M ,  12 .6 8  ml ,  1 2 .6  mm ol )  w as  a dd e d  t o  a  
s o l u t i on  o f  k e to n e  1 7 2  (3 .0 0  g ,  9 . 5  mm ol )  i n  a nh yd r o us  T H F ( 4 0  
m l )  a t  -7 8  o C .   Th e  r e su l t i n g  s o lu t io n  w a s  s t i r r e d  f o r  1 2  h  a t  room 
t em p e ra tu r e  and  t he  r eac t i on  q u en c h ed  b y t h e  s u cces s i v e  ad d i t i on  
o f  H 2 O  (4  ml ) ,  E t OH  ( 1 4  m l )  a n d  3 M  N a O H  ( 20  ml ) ,  f o l l o w e d  b y  
t h e  s l ow  a dd i t i on  o f  30  %  H 2 O 2  (16  ml ) .   T he  r eac t i on  mix tu re  
w a s  s t i r r e d  a t  ro om  t em p e r a tu r e  f o r  1  h  a nd  s o l i d  N a 2 C O 3  a dd e d  
u n t i l  t h e  a qu eo us  l a ye r  w a s  s a tu r a t ed .   T h e  o r ga n i c  l a ye r  w a s  
s e p a ra t ed  an d  th e  aq u eo us  l a ye r  ex t r ac t e d  wi t h  E t 2 O  (2  x  30  ml ) .   
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T h e  co mbi n ed  o r ga n i c  l a ye r s  w e r e  d r i e d  an d  c on c e n t r a t ed  i n  
v a c uo .   C h rom a to gr a p h i c  p u r i f i ca t i on  o f  t h e  r es i du e  [ s i l i c a  ge l ,  
e l u t i on  wi t h  h ex a n e :  e th e r  ( 8 : 2 ) ]  a f f o rd e d  (1 R ,2 S , 3 S ) - 3 , 3 -
[ (1 R ,2 S , 3R ) - b or nan e - 3 -a mi no -2 - o xy] b or na n -2 - o l  1 74  (1 . 5  g ,  5 . 3  
m mol ,  57  % ) .  
 
( + ) - Ca mp ho r -1 0 -s u f o n yl  c h lo r i d e  18 2 1 5 0   
 
P ho sp ho ru s  p en t a ch lo r i d e  ( 21 .5 0  g ,  10 0  mm ol )  w as  a dd ed  t o  ( + ) -
c a m ph or - 10 -s u l f on ic  a c id  (2 0 . 00  g ,  80  mmo l )  i n  a  t h r ee - n e ck e d  
r o un d -b o t t om ed  f l a s k  eq u ip p ed  wi th  a n  e f f i c i en t  hyd r o ge n  
c h lo r i d e  ab so r p t i on  t r ap .  A f t e r  s t i r r i n g  t h e  r e a c t i on  f o r  4  h ,  t he  
r e a c t i on  w as  q u en ch e d  b y w a s h i n g  w i t h  i c e  c o l d  wa t e r  u n t i l  t he  
p H  o f  t h e  m ix tu r e  w a s  7 .  T h e  r es u l t i n g  w h i t e  so l i d  w a s  f i l t e r ed  
a n d  d i s s o l ve d  in  e t h e r ,  d r i e d  ( a n h yd r o u s  M gS O 4 ) ,  and  
c o n c en t r a t e d  i n  vac u o  t o  a f f o rd  ( + ) - ca m ph or - 10 - su l f on yl  c h l o r i d e  
1 8 2  a s  wh i t e  c r ys t a l s  ( 16 .3 1  g ,  7 0  m mol ,  86  % ) ;  mp  7 9 -8 4  o C  
( l i t . 1 4 7  81 -8 4  o C) .  
 
1 0 -M e r c ap to - i so -bo r n eo l  18 3  an d  10 -m e r c ap to bo rn e o l  18 4 1 4 1   
 
T o  a  su sp e ns i on  o f  LA H  ( 4 . 1 2  g ,  1 08 .0  mm ol )  i n  d r y d i e t hyl  e t h e r  
( 1 00  m l ) ,  a  so l u t i on  o f  ( + ) - c am ph or - 1 0- su l f on yl  c h lo r i de  18 2  
( 1 3 . 40  g ,  5 4 . 0  mmo l )  i n  d r y d i e t h yl  e th e r  (1 50  m l )  wa s  ad d ed  
d r op - wi se  a t  - 78  o C  u nd e r  n i t ro ge n .  T h e  mix tu r e  w as  a l l o w ed  to  
w a r m  t o  ro om  t em p e r a t u r e  a nd  w as  t h e n  r e f l ux e d  f o r  12  h .  Th e  
ex c e s s  LA H  w a s  qu e n ch e d  w i t h  e t h yl  a c e t a t e  fo l l o w ed  b y d i l u t e  
H C l  (ca .  1 -2  %) .  T h e  r es u l t i n g  mix tu re  w a s  f i l t e r ed  an d  th e  
f i l t r a t e  w a sh ed  wi t h  b r i n e  t o  n eu t r a l i t y .  T h e  o r ga n i c  l a ye r  w a s  
d r i e d  ( an h yd r o u s  M gS O 4 ) ,  c on ce n t r a t ed  i n  va cu o  a nd  
c h r om at o gr ap h ed  on  s i l i c a  [ e l u t i on  w i th  p e t ro l eum  e t he r  ( 4 0 -6 0  
o C ) - e t h yl  a c e t a t e  ( 9 .8 : 0 .2 ) ] .  Th e  f i r s t  p r od uc t  e lu t ed  w a s  10 -
m e r c ap to - i so -b o rn eo l  1 83  (5 .8  g ,  3 7  m mol ,  5 6  % ) ;  m p  6 8 -7 1  o C  
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( l i t . 1 3 8  7 0 -7 2  o C ) ;  νm a x  ( K B r) / cm - 1  3 4 73  ( O H ) ;  δH  ( 30 0  M Hz ;  
C DCl 3 )  0 . 85  a nd  1 .0 8  (6 H ,  s ,  8 -  a nd  9 - C H 3 )  1 .2 4 - 1 . 49  ( 4H ,  m ,  5 -  
a n d  6 -C H 2 ) ,  1 . 66 -1 . 77  ( 3 H,  m ,  3 - CH 2  a nd  4 - H) ,  2 .0 4  ( 1 H,  b r ,  
O H ) ,  2 .5 1  a nd  2 . 79  ( 2 H,  2  d d ,  10 -C H 2 ) ,  3 . 97  (1 H ,  t ,  2 -H) ;  δC  (7 5  
M Hz;  CDCl 3 )  1 9 . 9  a n d  2 0 . 6  (C -8  a nd  C - 9 ) ,  2 3 . 5  (C -1 0 ) ,  2 6 .7  an d  
3 0 .3  (C -5  an d  C - 6 ) ,  3 9 .4  ( C -3 ) ,  45 .7  ( C- 4 ) ,  4 7 .4  an d  52 . 9  (C -1  
a n d  C- 7 )  a nd  7 8 . 9  (C - 2 ) .  
 
T h e  s e c on d  p ro du c t  e l u t e d  w a s  1 0 - me r c a p t ob o rn eo l  1 84  ( 0 .9 0  g ,  
5 . 8  mm ol ,  2 3  % )  m p  6 3 -6 7  o C  ( l i t . 1 3 8  6 2 - 64  o C) ;  νm a x  (K B r ) / cm - 1  
3 4 48  (O H ) ;  δH  (3 00  MHz ;  CDCl 3 )  0 . 82  a nd  0 . 83  (6 H,  s ,  8 -  a nd  9 -
C H 3 ) ,  1 . 57  ( 1 H,  t  4 - H ) ,  1 .9 3  t o  2 . 39  ( 4 H ,  m ,  5 - a nd  6 -CH 2 ) ,  1 . 67  
t o  1 . 73  an d  2 . 16  t o  2 .2 5  (2 H ,  m ,  3 -C H 2 ) ,  4 .2 8  ( 1H ,  t ,  2 - H) ;  δC  (75  
M Hz ;  C DCl 3 )   19 .3  a n d  20 .9  ( C -8  an d  C- 9 ) ,  2 3 . 96  ( C-1 0 ) ,  2 7 . 5  
a n d  2 8 . 1  (C - 5  a nd  C -6 ) ,  38 .7  (C -3 ) ,  4 5 . 7  (C - 4 ) ,  5 0 . 2  a n d  5 2 . 85  
( C -1  an d  C - 7 )  an d  7 7 .5  ( C- 2 ) .  
 
(1 R , 3S ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 -on e  18 5  
a n d  (1 R ,3 R ) - 3 , 3 - [ (1 R ,2 R ) - bo rn an e -2 - o x y- 10 - t h i o] borna n -2 - on e  
1 8 6
 
   
A  s o l u t i on  o f  c am ph o rq u i no n e  (2 .0 0  g ,  1 20  mm ol )  i n  b e nz en e  ( 50  
m l ) ,  10 - m e r c a p t o i so - bo r n eo l  1 83  ( 2 . 20  g ,  1 20  mm ol )  c on t a in in g  a  
c a t a l yt i c  am ou n t  o f  PTS A  w a s  r e f l uxe d  fo r  2 4  h  in  a  De a n -S t a r k  
a p p a ra tu s .   T h e  r ea c t i on  mix t u r e  w a s  w a s h ed  wi th  1M  N a O H  (50  
m l ) ,  fo l l o w e d  b y w a t e r  (5 0  m l ) ,  an d  th e  a qu e ou s  p h as e  ex t ra c t ed  
i n t o  e t h yl  a c e t a t e  (2  x  4 0  m l ) .   T he  c o m b i n ed  ex t r a c t s  we r e  d r i ed  
( a n h yd r o u s  M gSO 4 )  an d  c on c en t ra t e d  i n  v a cu o .   Th e  c ru de  
p r od u c t  w as  su b j ec t e d  t o  co lum n  ch r o ma to gr a ph y o n  s i l i c a  ge l  
u s i n g  h ex a n e -e t h yl  a c e t a t e  ( 9 .9 : 0 . 1 )  a s  e l u a n t  t o  yi e l d  t h i ok e t a l s  
1 8 5  an d  18 6  a s  wh i t e  s o l i d s .    
 
T h e  f i r s t  p ro du c t  e l u t ed  w as  (1 R ,3 S ) -3 , 3 - [ (1 R , 2R ) - b or nan e - 2 -o x y -
1 0 - t h io] bor na n -2 -on e  1 85  a s  co lo r l e s s  s o l i d  (0 .6 0  g ,  1 .8  mm ol ,  
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3 5  % ) ;  m p  14 9 . 4 -15 0 .6  o C ;  νm a x / cm - 1  ( l i qu id  f i lm )  1 74 0  ( C O ) ;  δH  
( 3 00  M H Z ;  C DCl 3 )  0 . 88 ,  0 .9 0 ,  0 . 94 ,  0 .9 6  a nd  1 . 29  ( 15 H,  5x s ,  8 ’ - ,  
9 ’ - ,  10 - ,   8 -  a nd  9 - C H 3 ) ,  0 . 99 -1 .0 0  ( 1 H ,  m,  6 -  H e x o ) ,  1 . 39 -1 .47  
( 1 H ,  m ,  6 ’ -H e n d o ) ,  1 . 55 -1 .7 7  (7 H ,  m ,  4 - H ’ ,  3 ’ - ,  5 ’ - a nd  6 ’ -C H 2 ) ,  
1 . 77 -  1 . 82  ( 2 H,  m ,  5 - C H 2 ) ,  2 . 02  ( 1 H,  t ,  4 - H ) ,  2 . 56  a n d  3 . 62  ( 2H ,  
2x d ,  10 -C H 2 )  an d  4 . 27  ( 1H ,  dd ,  2 ’ - H) ;  δC  ( 75  M H Z ;  C DCl 3 )  9 . 74 ,  
2 0 .3 2 ,  2 0 . 39  a nd  21 . 96  (C -8 ,  C -9 ,  C -8 ’  a nd  C - 9 ’ ) ,  2 5 . 81  (C - 10 ’ ) ,  
2 2 .4 3  (C -1 0 ) ,  25 .81  ( C -5 ’ ) ,  2 7 . 22  a n d  3 1 .5 6  (C - 5  an d  C-6 ) ,  38 .2 3  
( C -3 ’ ) ,  46 .2 3 ,  46 .46  a nd  47 .3 1  (C -1 ,  C - 7  a nd  C- 7 ’ ) ,  54 .9 8  (C -4 ’ ) ,  
7 8 .9 0  (C -2 ’ ) ,  8 4 . 30  ( C -3 )  a nd  2 13 .2 6  ( C - 2 ) ;  m/ z  3 34 .1 86 5 1  (M + ,  
1 2 .3 5  % ) ,  C 2 0 H 3 0 O 2 S  r e qu i r e s  M +  33 4 .4 1 62 4) .  
 
T h e  s ec on d  p r od u c t  e l u t e d  w as  (1 R ,3R ) - 3 , 3 - [ (1 R , 2R ) - b or na n e -2 -
o x y - 10 - t h io] bor na n- 2 - on e  18 6  as  a  w h i t e  s o l i d  (0 .5 4  g ,  1 . 6  mmo l ,  
3 4  %) ,  m p  1 01 .2 -10 2 .8  o C ;  v m a x / cm - 1  ( l i qu id  f i l m )  17 40  ( C O ) ;  δH  
( 3 00  MH Z ,  C D C I 3 )  0 . 92 ,  0 . 98 ,  1 .0 1 ,  1 . 1 3 ,  1 .1 9  ( 15 H ,  5x s ,  9 - ,9 ’ - ,  
8 - ,  8 ’ -  a nd  1 0 -C H 2 ) ,  1 . 42 -1 .8 3  ( 10 H ,  s e r i e s  o f  mul t i p l e t ,  3 ’ - ,  5 - ,  
5 ’ - ,  6 - ,  6 ’ -C H 2 ) ,  1 .8 4  ( 1H ,  m ,  4 ’ - H ) ,  2 . 41  ( 1H ,  s ,  4 -H ) ,  2 . 42  a nd  
3 . 47  ( 2 H,  2x d ,  10 ’ - C H 2 ,  J  10 .5 ,  10 .5 )  a nd  3 . 61 (1 H ,  2x dd ,  2 ’ - H ,  J   
4 . 2 ,  4 .2 ) ;  δC  (7 5  M H Z ;  CDCl 3 )  10 .05  (C - 10 ) ,  20 .4 9  (C- 8 ) ,  20 .7 0  
( C -8 ’ ) ,  20 .9 7  (C - 9 ) ,  22 .3 9  ( C- 5 ) ,  2 3 . 19  (C - 9 ’ ) ,  27 .2 0  (C -5 ) ,  2 8 .22  
( C -1 0 ’ ) ,  30 .5 7  (C -6 ) ,  31 .1 4  (C -6 ’ ) ,  3 7 .2 8  (C -3 ’ ) ,  4 4 . 79  ( C -4 ’ ) ,  
4 7 .5 0  (C - 7 ) ,  4 8 . 16  ( C -7 ’ ) ,  55 .2 5  (C - 1 ) ,  58 .6 4  ( C- 4 ) ,  8 0 . 91  (C - 2 ’ ) ,  
8 7 .1 8  (C -3 )  an d  2 1 5 . 26  ( C- 2 ) ;  m / z  3 34 .1 96 51  (M + ,  1 . 3  % ) ,  
C 2 0 H 3 0 O 2 S  r e qu i r e s  M +  3 34 .1 96 52 .  
 
(1 R , 3S ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 -o l  1 87  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] - b o rn an - 3 -o l  1 59  w as  f o l lo w e d  
u s i n g  a  s o l u t i on  o f  k e t on e  1 85  ( 2 . 00  g ,  6 0  m mol )  i n  d i e t h yl  e t h e r  
( 4 0  ml )  an d  LA H  ( 0 . 36  g ,  9 .6  mmo l ) .   W o rk - up  a nd  
c h r om at o gr ap h i c  pu r i f i ca t i on  o f  t h e  c r u d e  p r od u c t  [ e l u t i o n  wi t h  
h ex an e :  e t h yl  a c e t a t e  ( 99 : 0 1 ) ]  yi e l d ed ,  a s  a  w h i t e  s o l i d  (1 R , 3 S ) -
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3 , 3 - [ (1 R , 2R ) - b or nan e - 2 -o x y -1 0- th i o] bo rn an - 2 -o l  18 7  ( 1 .1 0  g ,  3 .3  
m mol ,  61  % ) ;  mp  10 2 .5 -1 05 .1  o C ;  v m a x  ( K B r ) / cm - 1  34 48  ( O H ) ;  δH  
( 3 00  MH Z ;  C DCl 3 )  0 . 85 ,  0 . 8 7 ,  0 .8 8 ,  1 .1 1 ,  1 . 12  ( 15 H ,  5x s ,  9 - ,  9 ’ - ,  
8 - ,  8 ’ -  an d  1 0 -C H 3 ) ,  1 . 44 - 1 . 75  (8 H ,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ) ,  1 . 75  
( 1 H ,  d ,  4 ’ - H ,  16 .5 ) ,  1 . 98  (1 H ,  d ,  4 -H ) ,   2 .2 6 (1 H,  b r ,  O H ) ,   2 . 26  
a n d  2 . 85  ( 2 H,  2x d ,  1 0 ’ -C H 2 ,  J  1 3 . 8  an d  13 .8 ) ,  3 .1 5  (1 H,  s ,  2 - H )  
a n d  4 . 08  ( 2 H,  q ,  3 ’ -C H 2 ) ;  δC  ( 75  M H Z ,  C DC l 3 ) ;  1 1 .7 0  (C - 10 ) ,  
2 0 .1 0  a nd  20 .3 7  (C- 8  a nd  C - 9 ) ,  22 .9 9 ,  2 3 .0 6 ,  24 .1 6  an d  24 . 87  (C -
8 ’ ,  C -9 ’ ,  C- 5  an d  C - 5 ’ ) ,  3 1 . 34  an d  32 . 12  (C -6  a nd  C - 6 ’ ) ,  34 .34  
( C -3 ’ ) ,  37 .4 6  (C -10 ’ ) ,  4 4 . 81  (C -4 ’ ) ,  4 7 .2 5   a nd  48 .3 4  (C - 1  a nd  C -
7 ) ,  5 0 . 56  (C - 4 ) ,  5 4 . 3 5  a nd  55 .1 9  (C -7 ,  C- 1 ’ ) ,  8 2 . 3 8  (C - 2 ’ ) ,  89 .63  
( C -3 )  an d  9 5 . 08  (C - 2 ) ;  m/ z  3 36 .2 132 9  (M + ,  1 .9  % ) ,  C 2 0 H 3 2 O 2 S  
r e q u i r es  M + ,  33 6 . 20 8 93 .  
 
(1 R , 3R ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 -o l  1 88 .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] - b o rn an - 3 -o l  15 9  w a s  f o l l o w e d  
u s i n g  a  so lu t io n  o f  k e to n e  18 6  ( 2 . 00  g ,  6 .0  m mol )  i n  e th e r  ( 3 0  ml )  
a n d  LA H  ( 0 .3 6  g ,  9 .6  m mo l ) .  W o rk - up  a nd  c h rom a to gr a p h ic  
p u r i f i c a t i o n  o f  t h e  c r ud e  p r od uc t  [ s i l i c a ,  e l u t i o n  wi t h  
h ex an e : e t h yl  a c e t a t e  ( 9 8 :0 2 ) ]  a f fo r ded  a s  a  wh i t e  s o l i d  (1 R , 3R ) -
3 , 3 - [ (1 R , 2R ) - b or nan e - 2 -o x y -1 0- th i o] bo rn an - 2 -o l  18 8  ( 1 . 0 1  g ,  3  
m mol ,  5 7  % ) ;  mp  9 6 .4 -9 7 . 5  o C ;  νm a x  ( K B r ) / c m - 1  34 48  ( O H ) ;  δH  
( 3 00  MH Z ;  C DCl 3 )  0 . 82 ,  0 . 84 ,  0 .9 1 ,  1 .1 2 ,  1 . 19  ( 15 H,  s ,  8 - ,  8 ’ - ,  9 -
,  9 ’ - 10 -C H 3 ) ,  1 . 21 - 1 .8 6  ( 8H ,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ - CH 2 ) ,  1 . 83  a nd  
1 . 12  (2 H,  d ,  4 - H ,  4 ’ - H ) ,  2 .1 9  (1 H,  d ,  2 - O H) ,  2 .3 4  a nd  2 . 9 3  ( 2H ,  
d d ,  10 ’ -C H 2 ) ,  3 . 31  ( 1 H,  s ,  2 -H ) ;  δC  (7 5  M H Z ;  C DCl 3 )  12 . 11  an d  
2 0 .5 0  (C -1 0 ,  C -9 ) ,  2 0 .7 3 ,  2 2 . 3 3  an d  2 3 .0 3  (C -9 ’ ,  C - 8  an d  C- 8 ’ ) ,  
2 2 .0 9  (C - 5 ) ,  2 7 . 17  ( C -5 ’ ) ,  27 .5 8 ,  30 .57  (C - 6 ,  C -6 ’ ) ,  30 .57  ,3 4 . 35  
( C -3 ’ ) ,  37 .4 2  (C -10 ’ ) ,  4 4 . 81  (C - 4 ’ ) ,  4 8 .1 9  ( C- 1 ) ,  50 .0 2  (C -4 ) ,  
5 6 .5 1  (C - 1 ’ ) ,  8 1 . 03  (C - 2 ’ ) ,  8 3 . 45 (C- 3 )  an d  1 00 .9 7  (C - 2 ) ;  m/ z  
3 3 6 . 21 42 9  (M + ,  2 . 3  % ) ,  C 2 0 H 3 2 O 2 S  r e qu i re s  M + ,  3 36 .2 28 93 .  
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4 .2 .2  Preparation of ester derivatives 
 
4 .2 .2 .1  Preparat ion  o f  es ters  160a -160f 
     
P ro p an o yl  c h lo r i d e 1 5 1  
 
P ro p an o i c  ac id  (1 1 . 1 0  g ,  1 50  m mol )  w a s  s l o wl y a d d e d  to  t h i on yl  
c h lo r i d e  (1 8 . 0  g ,  15 0  mmo l )  a t  65  o C .   T h e  r eac t i on  mix tu re  w as  
r e f lux ed  fo r  2  h  an d  t h e  ex ce s s  t h i on yl  c h lo r i d e  d i s t i l l e d  o f f  t o  
a f f o rd  p r op a no yl  c h lo r i d e  a s  a  co lo r l es s  l i qu i d  ( 9 . 90 g ,  72  % ) ;  b . p .  
8 0 .1 -8 1 . 9  o C .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
p ro pa no a t e  1 60 a  
 
A  s o lu t io n  o f  (1 R , 2 S , 3R ) -2 ,2 - [ (1 R , 2 S , 3R ) -b o rn an e - 2 ,3 - d i ox y] -
b o rn a n -3 -o l  1 59  ( 1 .5 0  g ,  7 .5  mm ol )  i n  d r y T H F ( 1 5  m l )  wa s  a d de d  
d r op - wi se  t o  a  p r e - w a sh e d  s us pe ns ion  o f  N a H  (0 .3 0  g ,  1 2  m mol )  
i n  d r y T H F ( 4 0  m l )  u n d er  n i t ro ge n .   T h e  mix tu r e  w as  s t i r r e d  a t  
r o om  t emp e r a t u r e  f o r  3 0  m in  a nd  t hen  r e f l ux ed  un t i l  t h e  mi lk y 
ye l l o w  co l o r  o f  t h e  a l kox id e  wa s  o bs e r v ed  ( a f t e r  6  h ) .   Th e  
r e a c t i on  m i x t u r e  wa s  c o o l ed  t o  r o om t e m p e r a t u re  a n d  p r o p an o yl  
c h lo r i d e  (0 .4 5  m l ,  8  mm ol )  w as  a d ded  d r op - wi s e .   Th e  r e s u l t i n g  
m ix tu r e  w a s  s t i r r ed  o v e rn i gh t  f o l l o w ed  b y r e f l ux i n g  f o r  1  h .   T H F 
w a s  r em ov e d  i n  v a c uo  a nd  t h e  r es i d u e  t r e a t ed  w i t h  a  c o l d  
s a tu r a t ed  s o l u t i on  o f  N a HC O 3  fo l l o w ed  b y e x t r ac t i on  wi th  d i e th yl  
e t h e r  ( 3  x  4 0  ml ) .   Th e  ex t ra c t s  w e r e  c omb in e d ,  d r i ed  ov e r  
a n h yd r o u s  M gS O 4  a n d  co n c en t r a t e d  i n  v a cu o .   T he  c r ude  p r od u c t  
w a s  p u r i f i ed  b y  c o lum n  ch ro m ato gr a p h y u s i n g  hex a n e : e t h yl  
a c e t a t e  (9 : 1 )  a s  e l u en t  t o  a f fo r d  (1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) -
b or na n e -2 ,3 -d io x y] b or na n -3 - y l  p ro pan o a t e  1 60 a  a s  a n  o i l  (0 .8 0  
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g ,  2 . 1  mmo l ,  2 9  % ) ;  νm a x  ( K B r ) / c m - 1  1 72 9  (C O ) ;  δH  (3 0 0  M Hz ;  
C DCl 3 )  0 .7 5 ,  0 . 80 ,  0 .9 0 ,  0 . 95 ,  1 . 05  an d  1 .1  (1 8 H,  6x s ,  8 ,  9 ,  10 ,  
8 ’ ,  9 ’  a nd  1 0 ’ -C H 3 ) ,  1 .1 9  ( 3H ,  t ,  3 ” - C H 3 ) ,  1 . 20 - 1 . 41  an d  1 .6 5 -
1 . 92  (5 - ,  6 - ,  5 ’ -  a nd  6 ’ -C H 2 ) ,  1 .5 3  and  1 . 91  ( 2 H,  s ,  4 ’ - an d  4 - H ) ,  
2 . 35  ( 2H ,  q ,  2 ” -CH 2 ) ,  3 . 65  a nd  3 .8 3  ( 2 H ,  2x d ,  2 ’  an d  3 ’ - H )  and  
4 . 63  (1 H,  s ,  3 - H ) ;  δC  (7 5  M Hz;  CDCl 3 )  9 . 52  (C - 3” )  11 .2 3  (C -10  
a n d  C -1 0 ’ ) ,  21 .2 8 ,  2 1 .3 6 ,  21 .3 8  an d  23 . 10  (  C - 8 ,  C - 8 ’ ,  C - 9  a nd  C-
9 ’ ) ,  23 .9 7 ,  2 4 . 97 ,  2 8 .7 4  a nd  2 9 . 80  ( C -5 ,  C - 5 ’ ,  C -6  an d  C- 6 ’ ) ,  
3 3 .1 3  (C -2 ” ) ,  46 .22  (C -1 ’ ) ,  47 .3 9  (C- 4 ’ ) ,  47 .9 2  a nd  4 8 . 4 9  (C -7  
a n d  C -7 ’ ) ,  5 0 . 63  (C - 4 ) ,  51 .6 3  ( C- 1 ) ,  8 1 . 30  an d  83 .0 5  (C - 2 ’  an d  
C - 3 ’ ) ,  8 9 . 31  ( C -3 ) ,  11 7 . 13  (C - 2 )  a n d  1 73 .6 9  (C -1 ” ) ;  m/z  
3 7 6 . 26 28 9  (M + ,  2 . 3  % ) ,  C 2 3 H 3 6 O 4  r e qu i r es  M + ,  37 6 . 26 13 6 .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
b u t an oa te  1 6 0b  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  p r op a no a t e  16 0 a  w as  
f o l lo w e d  us i n g  a  s o l u t i on  o f  a l co ho l  1 59  ( 1 .6  g ,  7 .9  m mol )  i n  
T H F (3 0  ml ) ,  Na H  ( 0 .3 0  g ,  1 2  mm ol )  a n d  bu t an o yl  c h lo r i d e  ( 0 . 82  
m l ,  7 .9  mm ol ) .   W o r k -u p  a nd  ch r om at o gr ap h i c  p u r i f i c a t i on  o f  t he  
c r u d e  p ro du c t  [ e l u t i on  wi t h  h ex an e : e t h yl  a c e t a t e  ( 9 .5 : 0 .5 ) ]  
y i e l d e d  (1 R , 2S ,3 R )- 2 ,2 - [ (1R ,2 S , 3 R ) - bo rn an e - 2 , 3 - d i o x y] bo rn an - 3 -
y l  b u t an oa te  16 0b  a s  an  o i l  (0 .8 6  g ,  2 .2  m mo l ,  3 1  % ) ;  νm a x  
( K B r ) / cm - 1  17 30  (C O ) ;  δH  ( 30 0  MHz ;  C DC l 3 )  0 .7 2 ,  0 .7 9 ,  0 . 85 ,  
0 . 92  ( 12  H ,  4x s ,  10 - ,  10 ’ - ,  9 - ,  a nd  9 ’ - C H 3 )  1 .0 1  (3 H,  t ,  4 ” -  CH 3 )  
1 , 10  a nd  1 , 21  ( 6H,  s ,  8 ’ - ,  a nd  8 -C H 3 ) ,  1 , 32 - 1 , 41  a nd  1 . 61 -1 .7 0  
( 8 H ,  2  x  m ,  5 - ,5 ’ -  6 -  an d  6 ’ -CH 2 )  1 .65  (2 H ,  m,  3 ” -C H 2 )  1 . 82  an d  
1 . 91  ( 2 H,  2x d ,  4 -  a n d  4 ’ -H )  2 .3 1  ( 2H ,  t ,  2 ” - CH 2 )  3 .7 2  a n d  3 . 85  
( 2 H ,  2x d ,  2 ’ - a nd  3 ’ - H )  4 . 58  ( 1H ,  s ,  3 - H ) ;  δC  (7 5  M Hz ;  C DCl 3 )  
1 1 .2 4 ,  1 1 . 62  (C -10 ,  C -1 0 ’ )  14 .1 9  (C - 4” ) ,  1 8 . 81  (C -3” ) ,  21 .2 8 ,  
2 1 .3 6  a nd  21 .3 9  (C - 8 ,  C -8 ’  an d  C -9 ) ,  23 .1 0  (C - 9 ’ ) ,  23 . 98  an d  
2 4 .8 2  (C -5  a nd  C -5 ’ ) ,  2 9 .7 9  an d  33 .0 8  (C - 6  an d  C- 6 ’ )  3 7 .2 9  (C -
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2 ” )  4 6 . 22  an d  4 8 . 13  (C - 1 ’  an d  C -7 ’ ) ,  5 0 .6 8  a nd  5 1 . 60  (C- 4  an d  C -
7 ) ,  81 .2 9  an d  82 .98  (C -2 ’  an d  C- 3 ) ,  8 9 .2 2  a nd  1 17 .1 2  (C - 3 ’  an d  
C - 2 )  a nd  1 72 .9 8  (C - 1” ) ;  m /z  39 0 . 271 8 6  (M + ,  5 .8  % ) ,  C 2 4 H 3 8 O 4  
r e q u i r es  M + ,  39 0 . 30 2 14 .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  3 ” -
m e th y lb u ta no a t e  1 60 c  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  p r op a no a t e  16 0 a  w as  
fo l l o w e d  us in g  a  so lu t io n  o f  a l coh o l  1 59  ( 2 . 60  g ,  8 . 1  m mol )  i n  
T H F  ( 4 0  ml ) ,  N aH  ( 0 .2 9  g ,  12 .2  m mol )  a nd  3 -m et hyl b u t an o yl  
c h lo r i d e  (0 .9 8  ml ,  8 .1 mm ol ) .   W or k - up  a nd  c h r om at o gr ap h i c  
p u r i f i c a t i o n  o f  t he  c rud e  p ro du c t  [ e lu t i on  w i th  hex a n e : e th yl  
a c e t a t e  ( 9 . 5 : 0 . 5 ) ]  yi e l d ed  (1 R ,2 S , 3R ) - 2 , 2 - [ (1 R , 2S ,3 R ) - b or na n e-
2 , 3 - d i o xy] bor na n -3 - y l  3 ” - m e t h y lb u t ano a t e  16 0 c  a s  an  o i l  ( 1 .7 0  g ,  
4 . 2  m mo l ,  5 2  % ) ;  ) ;  νm a x  ( K B r ) / cm - 1  1 73 6  (C O ) ;  δH  (30 0  M Hz ;  
C DCl 3 )  0 .7 8 ,  0 . 84 ,  0 .8 9 ,  0 . 92 ,  1 .1 0  an d  1 .1 6 (1 8H ,  s ,  8 - ,  9 - ,  10 -
, 8 ’ - ,  9 ’ -  a nd  10 ’ -C H 3 ) ,  1 . 08  (6 H ,  d ,  3 ” -C H 3 ,  J  6 .4 ) ,  1 . 31 -1 .90  
( 1 0 H,  m ,  5 - ,  6 - ,  5 ’ - ,  6 ’ -C H 2 ,  4 ’ - H  a nd  4 - H ) ,  2 .0 5  ( 1 H,  m ,  3 ” -C H ) ,  
2 . 31  ( 2 H,  d ,  2 ” -C H 2 ,  J  6 . 4 ) ,  3 .7 1  a nd  3 . 83  ( 2H ,  2x d ,  2 ’ - an d  3 ’ -H ) ,  
a n d  5 .1 2  ( 1H ,  s ,  3 - H ) ;  δC  (7 5  M Hz ;  C DCl 3 )  1 1 . 22  (C -10  a nd  C -
1 0 ’ ) ,  2 1 . 28 ,  2 1 , 38 ,  22 ,8 8  an d  23 ,0 9  ( C -8 ,  C - 9 ,  C 8 ’  an d  C -9 ’ ) ,  
2 3 .9 8 ,  2 4 , 85 ,  2 9 , 79  a nd  33 .0 5  ( C- 5 ,  C - 5 ’ ,  C -6  a nd  C -6 ’ ) ,  26 .0 7  
( C -4 ” ) ,  4 5 . 21  (C - 3” ) ,  44 .4 6  (C -2 ” ) ,  4 6 .2 0  (C -1 ’ ) ,  47 .34  ( C -4 ’ ) ,  
4 7 .9 2  a nd  4 8 . 48  (C - 7 ’  an d  C -7 ) ,  5 0 .7 5  ( C- 4 ) ,  5 1 . 58  (C- 1 ) ,  81 .30  
a n d  8 3 . 01  (C - 2 ’  a nd  C- 3 ’ ) ,  8 9 . 16  (C -3 ) ,  1 17 .1 3  ( C- 2 )  an d  1 72 .4 6  
( C -1 ” ) ;  m/ z  40 4 .2 9 30 9  ( M + ,  0 . 8  % ) ,  C 2 5 H 4 0 O 4  r e qu i re s  M +  
4 0 4 . 29 26 6 .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
3 ” , 3” -d i m e t h y lb u t an o a t e  16 0d .  
 
Experimental  N. Skiti-Mama 166 
T h e  p ro c ed u r e  d es c r i b ed  f o r  t h e  syn t h e s i s  o f  ( 1 R , 2S , 3R ) -2 ,2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  p r op a no a t e  16 0 a  w as  
fo l l o w e d  us in g  a  so lu t io n  o f  a l coh o l  1 59  ( 1 . 40  g ,  4 . 9  m mol )  i n  
T H F (3 0  ml ) ,  N a H ( 0 .3 0  g ,  8 .2  m mol )  an d  3 , 3 -d im eth yl bu ta no yl  
c h l o r i d e .   W o r k -u p  a n d  c h ro m at o gr a ph i c  pu r i f i c a t i o n  o f  t h e  c ru de  
p r od u c t  on  s i l i c a  ge l  [ e l u t i on  w i t h  h ex a n e : e t h yl  a c e t a t e  ( 9 .5 : 0 .5 ) ]  
y i e l d e d  (1 R , 2S ,3 R )- 2 ,2 - [ (1R ,2 S , 3 R ) - bo rn an e - 2 , 3 - d i o x y] bo rn an - 3 -
y l  3” ,3” - d i m e th y lbu ta no a t e  1 60d  a s  a  w h i t e  s o l i d  (0 .84  g ,  2 . 0  
m mol ,  42  % ) ;  mp  8 9 .2 -9 1 . 4  o C ;  v m a x  ( K B r ) / cm - 1  17 30  ( C O ) ;  δH  
(3 00  MHz ;  CDCl 3 )  0 .6 9 ,  0 . 70 ,  0 .8 0 ,  0 . 85 ,  1 . 10  a nd  1 . 19  ( 18 H,  s ,  
8 - ,  9 - ,  10 - ,  8 ’ - ,  9 ’ -  a n d  10 ’ -C H 3 ) ,  1 .0 8  ( 9H ,  s ,  t - bu -C H 3 ) ,  1 . 20 –
1 . 90  (9 H,  m ,  5 - ,  6 - ,  5 ’ -  a nd  6 ’ -C H 2 ,  a n d  4 ’ - H) ,  2 .2 0  ( 2H ,  s ,  2 ” -
C H 2 ) ,  2 . 30  ( 1H ,  s ,  4 - H ) ,  3 .7 1  an d  3 .8 2  (2 H ,  2x d ,  2 ’ -  an d  3 ’ - H ) ,  
a n d  4 .5 8  (1 H,  s ,  3 -H ) ;  δC  (7 5  M Hz;  CDCl 3 )  1 1 . 22  (C - 10 ’ ) ,  21 .2 8 ,  
2 1 .3 9 ,  21 .5 3  an d  23 . 08  (C -8 ,  C - 9 ,  C -8 ’  a nd  C- 9 ’ ) ,  23 .97 ,  24 .9 4 ,  
2 9 .8 0  an d  3 3 . 02  ( C -5 ,  C -6 ,  C - 5 ’ a nd  C -6 ’ ) ,  30 ,0 9  ( t -b u -C H 3 ) ,  
3 1 .4 2  (C -3 ” ) ,  46 .2 2  ( C- 1 ’ ) ,  4 7 . 34  ( C -4 ’ ) ,  4 7 . 9 1a nd  4 8 .5 1  (C -
7 ’ a nd  C -7 ) ,  4 8 . 69  ( C - 2 ”) ,  50 .7 9  (C -4 ) ,  51 .5 5  (C -1 ) ,  81 . 27  a nd  
8 2 .9 2  ( C- 2 ’  an d  C -3 ’ ) ,  8 9 . 11  (C -3 ) ,  11 7 .1 9  ( C- 2 )  an d  1 71 . 79  (C -
1 ) ;  m/ z  41 8 . 30 97 7  (M + ,  0 .8  % ) ,  C 2 6 H 4 2 O 4  r eq u i r es  M + ,  418 . 30 83 1 .   
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
p h en y le th an oa te  1 60 e  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  p r op a no a t e  16 0 a  w as  
f o l l o w e d  u s i n g  a l co h o l  15 9  ( 1 . 4  g ,  4 . 9  mm ol )  i n  T H F  ( 4 0  ml ) ,  
NaH (0 .3 0  g ,  8 .2  m mol )  an d  ph en yl  ace t yl  ch l o r id e  (0 .4 3  ml ,  4 . 9  
m mol ) .   W or k -u p  a n d  ch ro m ato gr a p h i c  p u r i f i c a t i on  o f  t h e  c r ud e  
p r od u c t  [ s i l i c a ,  e l u t i on  w i t h  h ex an e : e t h yl  a c e t a t e  ( 9 .6 : 0 .4 ) ]  
y i e l d e d  (1 R , 2S ,3 R )- 2 ,2 - [ (1R ,2 S , 3 R ) - bo rn an e - 2 , 3 - d i o x y] bo rn an - 3 -
y l  ph e n y l e t ha no a t e  1 6 0 e  a s  a  ye l l o wis h  o i l  ( 0 . 40  g ,  0 . 8  m mo l ,  8  
% ) ;  νm a x  ( K B r ) / cm - 1  1 73 4  (C O ) ;  δH  ( 30 0  M Hz ;  C DCl 3 )  0 .8 5 ,  0 . 92 ,  
0 . 98 ,  1 .0 3 ,  1 . 19 ,  an d  1 . 28  ( 18 H,  s ,  10 - ,  10 ’ - ,  8 - , 8 ’ - ,  9 -  a n d  9 ’  
Experimental  N. Skiti-Mama 167 
C H 3 )  1 . 32 –1 .9 2  (9H ,  m ,  5 - ,  5 ’ - ,  6 - ,  C H 2  a nd ,  4 - H ’ )  1 . 98  (1 H ,  d ,  
4 - H ) ,  3 .2  a n d  3 .7 4  ( 2 H ,  2x d ,  2 ’ -  a n d  3 ’ - H ) .   3 . 65  ( 2 H,  s ,  2 ” -C H 2 ) ,  
4 . 58  (1 H,  s ,  3 - H )  a n d  7 .2 5 - 7 . 48  ( 5H ,  m ,  A r - H ) ;  δC  (7 5  M Hz ;  
C DCl 3 )  1 1 . 01  a nd  1 1 .2 2  (C - 10  an d  C- 1 0 ’ ,  2 1 . 26  a nd  2 1 . 3 7  (C -8  
a n d  C -8 ’ ) ,  23 .0 4  an d  2 3 . 45  (C - 9  an d  C - 9 ’ ) ,  2 3 . 87  an d  24 . 82  (C -5  
a n d  C- 5 ’ ) ,  2 9 . 76  an d  3 2 . 54  ( C- 6  a nd  C -6 ’ ) ,  4 2 . 88  (C -2” ) ,  4 7 . 12  
a n d  47 .3 2  (C -1  a nd  C -4 ’ )  47 .6 2  a nd  4 7 .7 0  (C -1 ’  a nd  C -7 ) ,  48 .49  
a n d  5 0 . 40  (C -7 ’  and  C- 4 ) ,  8 1 . 22  a nd  8 3 .6 9  (C - 2 ’  a nd  C -3 ’ ) ,  88 .8 4  
a n d  11 6 . 86  (C -3  a nd  C -2 ) ,  1 27 .5 9 ,  12 8 . 5 7 ,  12 9 . 05 ,  1 29 .4 3 ,  1 29 .96  
a n d  13 4 . 26  ( A r -C )  a n d  17 0 . 71  ( C- 1 ” ) ;  m /z  4 38 .2 01 24  ( M + ,  8 .2  % ) ,  
C 2 8 H 3 8 O 4  r e qu i r es  M + ,  4 38 .2 03 21 .   
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
p h en o x y e th an oa t e  1 6 0f  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 2 , 2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  p r op a no a t e  16 0 a  w as  
f o l l o w e d  u s i n g  a l co h o l  15 9  ( 1 . 0  g ,  3 . 9  mm ol )  i n  T H F  ( 4 0  ml ) ,  
N a H  (0 .2  g ,  6 .2  m m ol )  a nd  c ru d e  ph en ox ya c e t yl  c h l o r i de  ( 0 . 5 ,  3 . 9  
m mol ) .   A f t e r  wor k - up ,  o n l y u n r e a c t e d  s t a r t i n g  m at e r i a l  w as  
i so l a t ed .  
 
4 .2 .2 .2 Preparat ion  o f  es ters  168a -168c  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  
p ro pa no a t e  1 68 a  
 
T o  a  so l u t io n  o f  (1 R , 2 S , 3R ) -3 ,3 - [ (1 R , 2 S , 3R ) -b o rn an e - 2 ,3 - d i ox y] -
b o rn a n -2 -o l  1 67  ( 2 .5 0  g ,  7 .8  mm ol )  i n  d r y T H F ( 3 0  m l )  wa s  a d de d  
1 . 6  M  Bu Li  ( 5 . 5  ml ,  1 0 . 4  mm ol )  u nd er  a n  i n e r t  a tm os phe r e .   Th e  
m ix tu r e  wa s  s t i r r ed  f o r  3  h  f o l l o w ed  b y a d d i t i o n  o f  p r op a no yl  
c h lo r i d e  ( 0 . 90  ml ,  7 . 8  mmo l ) .  Af t e r  s t i r r i n g  f o r  1  h ,  t h e  r e a c t io n  
w a s  q u en c h ed  wi th  s a tu r a t e d  N a HCO 3 .   T h e  o r ga n i c  l a ye r  w a s  
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d r i e d  ( an h yd r o u s  M gS O 4 )  an d  c o n c en t ra t ed  i n  v a c uo .  
C h rom at o gr a ph i c  pu r i f i ca t i on  o f  t h e  c r u d e  p ro du c t  [ s i l i c a  ge l ,  
e l u t i on  wi t h  h ex a ne : e t h yl  a c e t a t e  (9 : 1 ) ]  a f fo r de d  (1 R , 2S , 3R ) - 3 ,3 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 2 - y l  p ro pa no a t e  1 6 8a  a s  
a n  o i l  (0 .8 0  g ,  3 . 45  mm ol ,  2 8  % ) ;  νm a x  ( K B r) / cm - 1  1 73 3  ( C O ) ;  δH  
( 3 00  M Hz ;  C DC l 3 )  0 . 73 ,  0 . 79 ,  0 .8 2 ,  0 .9 0  an d  0 . 98  ( 15 H,  5x s ,  1 0 ’ -
,  9 ’ - ,  9 - ,  8 ’ -  a nd  8 - C H 3 )  1 .0 9  ( 3H ,  t ,  3 ” -  C H 3 ) ,  1 .1 9  ( 3H ,  s ,  10 -
C H 3 ) ,  0 .8 8– 0 . 92  and  1 . 25 - 1 . 71  (8 H s e r i es  o f  m ul t i p l e t ,  5 - ,  5 ’ - ,  6 -  
a n d  6 ’ - CH 2 ) ,  1 .7 9  ( 1 H ,  d ,  4 ’ - H )  1 . 92  ( 1 H ,  d ,  4 - H) ,  2 , 35  ( 2 H,  q ,  
2 ” -C H 2 )  3 . 72  a nd  3 . 79  ( 2H ,  2x d ,  2 ’ -  a n d  3 ’ -  H ) .  4 .9 4  (1 H ,  s ,  2 -
H ) ;  δC  (7 5  M Hz ;  C DCl 3 )  9 . 75  (C - 3 ”) ,  11 .2 4  (C -1 0 ) ,  11 . 29  (C -
1 0 ’ ) ,  2 0 . 89  (C - 5 ) ,  1 9 .9 8  (C -8 ) ,  2 1 . 66  ( C - 8 ’ ) ,  23 .6 7 (C -5 ’ ) ,  2 8 . 29  
( C -2 ” ) ,  3 2 . 1 (C -6 ) ,  2 2 .9 4  (C -9 ) ,  2 1 . 78  ( C - 9 ’ ) ,  33 .6 3  (C -6 ’ ) ,  46 .4 5  
( C -1 ) ,  47 .6 9  (C -4 ’ ) ,  4 7 . 76  (C - 1 ’ ) ,  4 8 .6 1  (C - 7 ) ,  4 9 . 55  (C - 7 ’ ) ,  
5 0 .3 2  ( C- 4 ) ,  82 .2 3  ( C -2 ’ ) ,  8 6 . 87  (C -3 ’ ) ,  11 5 . 43  (C - 3 , )  173 . 54  (C -
1 ” ) ;  m/z  3 76 .2 6 28 6  ( M + ,  2 .3  % ) ,  C 2 3 H 3 6 O 4  r e qu i r e s  M + ,  
3 7 6 . 26 13 6 .  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  
m e th y lb u ta no a t e  1 68 b  
T h e  m et ho d  us e d  fo r  t h e  s yn t h e s i s  o f  ( 1 R , 2S , 3 R ) -3 ,3 - [ (1R , 2S , 3 R ) -
b o rn a n e- 2 , 3 -d iox y] b o rn a n -2 - yl  p r o p an o a t e  16 8a  w as  f o l lo w ed  
u s i n g  a l co ho l  1 67  ( 2 .0 0  g ,  6 . 2  mmo l ) ,  1 .6  M  Bu Li  ( 5 . 85  ml ,  9 . 4  
m mol )  an d  3 -m e th yl b u ta no yl  c h lo r id e  ( 0 . 96  m l ,  6 .2  mm ol ) .   
W o r k -u p  fo l lo w ed  b y c o l u m n  c h ro m ato gr a p h i c  pu r i f i c a t io n  us in g  
s i l i c a  [ e l u t i o n  wi t h  h ex an e / e t h yl  a c e t a t e  ( 95 : 5 ) ]  a f f o rd ed  
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  
m e th y lb u ta no a t e  16 8b  as  a n  o i l  (1 .10  g ,  2 .7  m mol ,  52  % ) ;  νm a x  
( K B r ) / cm - 1  17 28  (C O ) ;  δH  ( 30 0  MHz ;  C DC l 3 )  0 .7 6 ,  0 .8 4 ,  0 . 89 ,  
0 . 92 ,  1 . 10  a nd  1 . 16  ( 18 H,  s ,  8 - ,  9 - ,  1 0 - ,  8 ’ - ,  9 ’ -  an d  10 ’ -C H 3 ) ,  
1 . 08  (6 H,  d ,  3” -C H 3 ,  J  6 .3 ) ,  1 .3 -1 .9  (1 0 H,  m ,  5 - ,  6 - ,  5 ’ - ,  6 ’ - CH 2 ,  
4 ’ - H  an d  4 - H ) ,  2 . 05  ( 1 H,  m ,  3” -C H ) ,  2 . 3  ( 2 H,  d ,  2 ” - CH 2 ,  J  6 .3 ) ,  
3 . 7  an d  3 .8  ( 2H ,  2x d ,  2 ’ - an d  3 ’ - H ) ,  an d  4 . 55  ( 1H ,  s ,  3 -H ) ;  δC  (7 5  
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M Hz ;  C DCl 3 )  1 0 .2 2 ,  1 1 . 23  ( C- 10  a n d  C - 10 ’ ) ,  1 6 . 13  ( i so v -C )  
2 1 .2 8 ,  2 1 , 38 ,  2 2 , 88  a nd  2 3 , 09  (C -8 ,  C - 9 ,  C8 ’  an d  C -9 ’ ) ,  22 .98 ,  
2 4 ,8 5 ,  29 ,7 9  an d  33 . 05  (C -5 ,  C -5 ’ ,  C - 6  a nd  C - 6 ’ ) ,  2 6 . 07  ( C- 4 ” ) ,  
4 4 .4 6  (C -2 ” ) ,  46 .20  (C -1 ’ ) ,  47 .3 4  (C- 4 ’ ) ,  4 7 .9 2  an d  4 8 . 4 8  (C -7 ’  
a n d  C- 7 ) ,  5 0 . 75  (C- 4 ) ,  51 .5 8  (C - 1 ) ,  81 . 30  a nd  83 .0 1  (C -2 ’  an d  C-
3 ’ ) ,  8 9 . 16  (C -3 ) ,  11 7 .1 3  ( C- 2 )  an d  1 72 . 46  (C -1 ” ) ;  m/ z  40 4 .2 83 09  
( M + ,  0 . 8  % ) ,  C 2 5 H 4 0 O 4  r eq u i r es  M +  4 04 . 29 26 6 .  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  
3 ” , 3” -d i m e t h yb u tan o a t e  16 8 c   
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 3 , 3 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 2 - yl  p r op a no a t e  16 8 a  w as  
f o l l o w e d  u s i n g  a  s o l u t i on  o f  c h i r a l  a l c oh o l  1 67  ( 1 . 70  g ,  5 .3  
m mol ) ,  1 .6  M  Bu Li  ( 4 .9  ml ,  7 .9  mmo l )  a n d  3 ,3 - d im et h yl  b u t a no yl  
c h lo r i d e  (0 .8  ml ,  5 . 3  mmo l ) .   W or k - up  f o l l o w ed  b y  c o l umn  
c h r om at o gr ap h i c  p u r i f i c a t i o n  u s ing  s i l i c a  [ e lu t i on  w i th  
h ex an e / e t h yl  a c e t a t e  ( 9 6 : 4 ) ]  a f fo r de d  (1 R ,2 S , 3R ) - 3 ,3 - [ (1R , 2 S , 3R ) -
b or na n e -2 ,3 -d io x y] b or na n -2 - y l  3” , 3” -d i me th y l bu ta no a t e  a s  a n  o i l  
1 6 8c  (1 .2 0  g ,  2 .9  m mol ,  55  % ) ;  νm a x  ( K B r ) / cm - 1  17 30  ( C O ) ;  δH  
(3 00  MHz ;  CDCl 3 )  0 . 61 ,  0 . 69 ,  0 .7 4 ,  0 .8 2 ,  0 . 86  ( 15  H,  s ,  9 - ,  9 ’ - , 8 -
,  8 ’ -  a nd  1 0 ’ -CH 3 )  ,  0 . 96  (9 H,  s  ,  t -Bu - CH 3 ) ,  1 . 21  ( 3H,  s ,  10 -
C H 3 ) ,  1 .2 4 -2 .0 1  ( 10 H ,  s e r i e s  o f  m ul t i p l ex ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -  C H 2  
a n d  4 - ,  4 ’ - H ) ,  2 . 36  ( 2 H ,  s ,  2 ” -C H 2 ) ,  3 . 8 5  an d  3 .9 6  (2 H,  2x d ,  2 ’ - ,  
3 ’ - H )  an d  5 .0 1  (1 H,  s ,  2 - H) ;  δC  (7 5  MH z ;  C DCl 3 )  11 .2 8  an d  11 .36  
( C -1 0  a nd  C -1 0 ’ ) ,  2 0 .2 5  (C -3 ” ) ,  20 .89  (C -8 ) ,  20 .9 4  ( C-8 ’ ) ,  21 .6 6  
( C -5 ) ,   21 .7 1  (C - 5 ’ ) ,  2 2 . 95  (C - 9 ) ,  23 . 68  (C - 9 ) ,  28 . 30  ( C - t - Bu) ,  
3 2 .1 2  (C - 6 ) ,  3 3 . 65  ( C -6 ’ ) ,  46 .4 6  (C - 1 ) ,  47 .7 8  ( C- 4 ’ ) ,  4 8 .6 3  (C -7 ) ,  
4 9 .5 7  (C - 7 ’ ) ,  5 0 . 77  (C - 4 ) ,  82 .2 9  ( C-2 ’ ) ,  8 3 . 54  (C -2 ) ,  87 . 54  (C -
3 ’ ) ,  1 1 . 54  (C - 3 ) ,  1 7 3 . 58  (C -1 ” ) ;  m/z  41 8 .3 08 67  (M + ,  0 . 8  % ) ,  
C 2 6 H 4 2 O 4  r e qu i r es  M + ,  4 18 .3 08 31 .   
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4 .2 .2 .3  Preparat ion  o f  es ters  175a -175b  
 
(1 R , 2S ,3 S ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -3 - a min o -2 -o x y] born a n- 2 - y l  
p ro pa no a t e  1 75 a .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 3 , 3 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 2 - yl  p r op a no a t e  16 8 a  w as  
f o l lo w e d  u s in g  a l co h o l  17 4  (1 .0 0  g ,  3 . 1  mm ol ) ,  1 .6  M  o f  Bu Li  
( 2 .8  ml ,  4 . 6  mm ol )  a nd  p r op an o yl  ch lo r i d e  ( 0 . 28  g ,  3 .1  m mol ) .   
W o r k -u p  a nd  ch rom at o gr a ph i c  pu r i f i c a t i on  o f  t h e  c ru de  p ro du c t  
[ s i l i c a  ge l ,  e l u t i on  wi t h  h ex a n e : e t hyl  a c e t a t e  (9 9 : 0 . 1 ) ]  yi e l d ed  
(1 R , 2S ,3 S ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rn an e -3 - a min o -2 -o x y] born a n- 2 - y l  
p ro pa no a t e  17 5a  a s  a n  o i l  ( 0 . 43  g ,  1 .1  mmo l ,  28  % ) ;  νm a x  
( K B r ) / cm - 1  17 39  (C O ) ;  δH  ( 30 0  MHz ;  C DC l 3 )  0 .8 0 ,  0 .8 4 ,  0 . 90 ,  
1 . 00 ,  1 . 16  (1 8 H,  s ,  1 0 - ,  1 0 ’ - ,  8 ’ - ,  8 - ,  9 - ,  a nd  9 ’ -C H 3 ) ,  1 . 12  (3 H,  
t ,  3 ” -C H 3 ) ,  1 .2 6 - 1 .7 7  (1 0H ,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ,  4 - H ’  a n d  4 - H ) ,  
2 . 18  (1 H,  b r ,  N H ) ,  2 . 27  (2 H,  q ,  2 ” - CH 2  ) ,  3 .3 6  an d  4 .4 4  (2 H ,  2x d ,  
2 ’ -  a nd  3 ’ - H,  J  5 . 56  a n d  5 . 78 )  a n d  5 . 39  ( 1 H ,  s ,  3 -H ) ;  δC  (7 5  MHz ;  
C DCl 3 )  9 . 66 ,  1 1 . 97 ,  1 9 . 24 ,  2 1 . 34 ,  2 1 .3 4 ,  2 1 . 73  a nd  21 .79  ( C- 10 ,  
C - 10 ’ ,  C -9 ,  C -9 ’ ,  C - 8 ,  C -8 ’  an d  C - 3” ) ,  2 .7 5 ,  26 .6 1  (C -5 ,  C -5 ’ ) ,  
2 8 .2 0 ,  33 .0 2  (C - 6 ,  C - 6 ’ ) ,  34 .0 4  (C -2 ” ) ,  4 6 . 63  ( C -1 ) ,  4 7 . 89  ( C -1 ’ ) ,  
4 8 .4 9  (C - 7 ’ ) ,  5 0 . 69  (C - 4 ’ ) ,  5 0 . 93  (C- 7 ) ,  5 6 . 97  (C -4 ) ,  69 . 29  (C -
3 ’ ) ,  7 9 . 97  (C - 2 ) ,  83 . 59  (C -2 ’ ) ,  1 03 .42  ( C- 3 )  an d  1 74 .61  ( C- 1 ” ) ;  
m /z  3 75 .2 62 31  (M + ,  3 . 8  % ) ,  C 2 3 H 3 7 NO 3  r e qu i r es  M + ,  37 5 .2 7 73 4 .   
 
(1 R , 2S ,3 S ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -3 - a min o -2 -o x y] born a n- 2 - y l  
3 - m e t h y l -b u ta n oa t e  1 75 b .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  ( 1R , 2 S , 3 R ) - 3 , 3 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 2 - yl  p r op a no a t e  16 8 a   w as  
f o l lo w e d  us i n g  a l co h o l  17 4  ( 2 . 00  g ,  6 .2  mm ol ) ,  10  M o f  Bu Li  
( 0 .9 7  ml ,  9 .4  mmol )  an d  3 -m e th yl b u ta n o yl  c h l o r id e  ( 0 .4 6  g ,  6 .2  
m mol ) .   W or k -u p  a n d  ch ro m ato gr a p h i c  p u r i f i c a t i on  o f  t h e  c r ud e  
Experimental  N. Skiti-Mama 171 
p r od u c t  [ s i l i c a  ge l ,  e l u t i o n  w i t h  h exa n e : e t h yl  a c e t a t e  (9 9 : 0 . 1 ) ]  
y i e l d e d  (1 R ,2 S , 3 S ) - 3 , 3 - [ (1 R , 2S ,3R ) - b o rn an e -3 - am ino - 2 -o x y] -
b or na n -2 - y l  3” - m et h y lb u t an oa te  17 5b  a s  a n  o i l  ( 0 . 23  g ,  1 .2  
m mol ,  3  % ) ;  νm a x  ( K B r ) / cm - 1  1 73 5  (C O ) ;   δH  (3 00  M Hz ;  C DCl 3 )  
0 . 75 ,  0 .8 8 ,  0 . 91 ,  0 . 9 2 ,  1 . 13  a nd  1 . 21 ( 1 8 H,  s ,  8 - ,  9 - ,  10 - , 8 ’ - ,  9 ’ -  
a n d  1 0 ’ -C H 3 ) ,  1 . 09  ( 6 H,  d ,  3 ” -C H 3 ,  J  6 . 2 ) ,  1 .5 -1 .9  (1 0 H,  m ,  5 - ,  6 -
,  5 ’ - ,  6 ’ -C H 2 ,  4 ’ -H  a n d  4 -H ) ,  2 . 10  (1H ,  m ,  3 ” -C H) ,  2 .3 2  ( 1 H,  b r ,  
N H ) ,  2 . 89  (2 H,  d ,  2 ” -C H 2 ,  J  6 .2 ) ,  3 . 7  a n d  3 . 8  ( 2 H,  2x d ,  2 ’ - a n d  3 ’ -
H ) ,  an d  4 . 55  (1 H,  s ,  3 - H) ;  δC  (7 5  MHz;  CDCl 3 )  11 .4 2 ,  1 1 .6 8  (C -
1 0  an d  C- 10 ’ ) ,  21 .3 4 ,  21 .3 8 ,  2 2 . 88  an d  2 3 . 15  (C -8 ,  C - 9 ,  C 8 ’  a nd  
C - 9 ’ ) ,  2 3 . 75 ,  2 4 . 85 ,  2 9 .8 9  a nd  33 .1 5  ( C -5 ,  C -5 ’ ,  C -6  an d  C - 6 ’ ) ,  
2 6 .0 7  ( i s o v -CH 3 ) ,  4 4 .5 6  ( C -2 ” ) ,  46 .20  ( C- 1 ’ ) ,  46 .3 4  (C -4 ’ ) ,  4 7 . 23  
( C -3 ” ) ,  4 7 . 92  a nd  48 . 68  (C -7 ’  a nd  C - 7 ) ,  50 .7 5  (C -4 ) ,  5 1 .5 8  (C -1 ) ,  
7 2 .3 0  an d  8 0 . 01  (C - 2 ’  a nd  C- 3 ’ ) ,  89 . 1 6  ( C- 2 ) ,  10 4 . 14  ( C -3 )  a nd  
1 7 4 . 46  (C - 1 ” ) ;  m/ z  4 0 3 . 30 86 4  ( M + ,  0 . 8  % ) ,  C 2 5 H 4 1 N O 3  r e q u i r es  
M + ,  4 03 .3 08 31 .  
 
4 .2 .2 .4  Preparat ion  o f  es ters  189  and 190  
 
(1 R , 3S ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 - y l  
p ro pa no a t e  1 89 .  
 
T o  a  s o lu t io n  o f  a l c o ho l  1 87  (1 .5 0  g ,  4 .5  m mo l )  i n  d r y T H F ( 30  
m l )  w a s  a dd e d  d r op - wi s e  Bu Li  ( 1 .6  M ,  5 . 6  ml ,  9  m mol )  u n d er  a  
N 2  a tm os ph e r e .   T h e  mix t u re  w a s  s t i r r ed  f o r  3  h  t o  ob t a in  a n  
o r a n ge  a lk ox id e  i n t e rm e d i a t e ,  f o l l owe d  b y a d d i t i o n  o f  p r op a no yl  
c h lo r i d e  ( 0 . 40  ml ,  4 . 5  mm ol ) .   A f t e r  s t i r r i n g  f o r  an o t he r  2  h ,  t h e  
r e a c t i on  w as  q u en c h ed  wi t h  s a t u r a t e d  N a HC O 3  so lu t io n  a nd  
ex t r a c t e d  wi t h  e t h e r  ( 3  x  30  m l ) .   Th e  c o m b i n e d  o r ga n i c  ex t r a c t s  
w e r e  d r i e d  ( an h yd r ou s  M gS O 4 )  a nd  c o n ce n t r a t e d  i n  v a c u o .   
C h rom at o gr a ph i c  pu r i f i ca t i on  o f  th e  c r u d e  p ro du c t  [ s i l i ca ,  e l u t i on  
w i t h  h ex an e  e t h yl a c e t a t e  ( 99 : 0 . 1 ) ]  a f fo r d ed  (1 R ,3 S ) - 3 , 3 - [ (1 R ,2 R ) -
b or na n e -2 -o x y - 10 - th io] bor na n- 2 - y l  p r op an oa t e  18 9  a s  a  w h i t e  
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s o l i d  ( 0 . 82  g ,  2 .1  m mol ,  4 8  % ) ;  mp  8 6 .2 -8 7 . 9  o C) ;  νm a x  ( K B r )  /  
c m - 1  1 74 0  (C O ) ;  δH  ( 3 00  M H Z ;  C DC l 3 )  0 .7 6 ,  0 .8 0 ,  0 . 85  a n d  0 . 87  
( 1 2  H ,  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ -C H 3 ) ,  1 .0 5  ( 3H ,  s ,  1 0 - CH 3 ) ,  1 . 13  ( 3H ,  t ,  
3 ” -C H 2 ) ,  1 .2 4 - 1 . 6 6  ( 8 H ,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ) ,  2 . 22  ( 1H ,  d ,  4 -
H ) ,  2 .2 6  (2 H,  m ,  3 - CH 2 ) ,  2 . 42  (1 H ,  m ,  4 ’ -H ) ,  2 . 49  ( 2H ,  q ,  2 ” -
C H 2 ) ,  2 . 81  a nd  2 . 94  ( 2 H,  2  x  d ,  10 ’ -CH 2 ) ,  4 .0 1  (1 H ,  m ,  2 ’ - H )  a nd  
4 . 84  (1 H ,  s ,  2 - H e n d o ) ;  δC  (7 5  M H Z ;  CDCl 3 )  9 .7 4 ,  1 2 . 09  ( C -1 0  an d  
C - 3” ) ,  18 .9 0 ,  1 9 . 98 ,  22 .2 3 ,  2 2 . 81  ( C- 8 ,  C - 8 ’ ,  C- 9 ,  C -9 ’ ) ,  2 0 . 16 ,  
2 5 .5 4 ,  2 8 . 2 6 ,  2 8 . 60  (C - 5 ,  C - 5 ’ ,  C - 6 ,  C -6 ’ ) ,  3 2 . 23 ,  3 4 .3 1  (C -3 ’  
a n d  C -1 0’ ) ,  35 .0 8  ( C -2 ” ) ,  46 .0 2  (C - 4 ’ ) ,  4 7 . 10  an d  47 .3 9  ( C- 7 ,  C -
7 ’ ) ,  4 8 . 2 3  an d  5 1 . 5 4  (C - 1 ,  C -1 ’ ) ,  5 6 . 5 6  (C -4 ) ,  8 1 . 53  a n d  88 .53  
( C -2 ’  a nd  C - 3 ) ,  98 . 42  (C -2 )  a nd  174 . 15  (C -1 ” ) ;  m/ z  39 2 .5 95 14  
( M + ,  12 .5  %) ,  C 2 3 H 3 6 O 3 S  r eq u i r es  M +  3 9 2 . 54 87 1 .   
 
(1 R , 3R ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 - y l  
p ro pa no a t e  1 90 .  
 
T h e  m et ho d  d e sc r ib e d  fo r  t he  s yn t h e s i s  o f  e s t e r  1 89  w as  f o l l o w ed  
u s i n g  a  so lu t io n  o f  a l c oh o l  18 8  ( 1 .20  g ,  3 .6  mm ol )  i n  T H F ( 30  
m l ) ,  Bu Li  1 .6M  (3 .9  m l ,  4 .9  mm ol )  a nd  p r op a no yl  c h l o r id e  (0 .6  g ,  
3 . 6  mm ol ) .   W o rk -u p  fo l l ow e d  b y c h r o m ato gr a p h i c  p u r i f i c a t i o n  o f  
t h e  c ru d e  p ro du c t  [ s i l i c a  ge l ,  e l u t i on  w i t h  h ex an e :  e t hyl a c e t a t e  
( 9 9 : 0 . 1 ) ]  yi e l de d  (1 R ,3 R ) - 3 ,3 - [ (1 R ,2 R ) - b orn an e -2 - o x y- 10 -
t h i o] borna n -2 - y l  p r op an oa t e  19 0  a s  an  o i l  ( 0 . 32  g ,  0 .8  m mol ,  23  
% ) ;  νm a x  ( K B r ) / cm - 1  1 74 1  ( CO ) ;  δH  ( 30 0  M H Z ;  CDC l 3 )  0 .7 4 ,  0 . 83 ,  
0 . 86  an d  1 .1 1  ( 12H ,  4x s ,  8 ,  8 ’ ,  9  an d  9 ’ -C H 3 ) ,  1 .1 7  (3 H ,  t ,  3” -
C H 3 ) ,  1 . 19  ( 10 -C H 3 ) ,  1 . 21 - 1 . 90  ( 8H ,  m ,  5 ,  5 ’ ,  6 ,  6 ’ -CH 2 ) ,  2 .4 8  
( 1 H ,  q ,  2 ” -C H 2 ) ,  2 .5 0  a nd  2 . 82  ( 2 H,  2x d d ,  10 ’ -C H 2 ,  J  6 .2  ) ,  3 . 52  
( 1 H ,  d d ,  3 ’ - H )  an d  4 . 67  (1 H ,  s ,  2 - H) ;  δH  ( 75  MH Z ;  C DCl 3 )  9 .7 2 ,  
1 1 .6 0 ,  20 .5 1 ,  21 .17 ,  22 .3 6  an d  2 2 . 87  ( C -1 0 ,  C -9 ,  C -9 ’ ,  C - 8 ,  C - 8 ’  
a n d  C -3 ” ) ,  23 .5 6 ,  27 . 02 ,  27 .2 8 ,  28 .4 8 ,  3 1 . 38 ,  3 3 . 37  a nd  37 . 65  (C -
5 ,  C - 5 ’ ,  C - 6 ,  C -6 ’ ,  C -1 0’ ,  C - 3 ’  and  e s t e r -C H 2 ) ,  45 .02  ( C -4 ’ ) ,  
4 7 .0 9  an d  47 .4 9  (C - 7 ,  C -7 ’ ) ,  4 9 . 23  a n d  50 .5 4  (C - 1 ,  C -1 ’ ) ,  56 .56  
( C -4 ) ,  81 .5 3  a nd  88 . 53  (C -2 ’  a nd  C -3 ) ,  9 4 . 42  (C -2 )  a nd  17 3 . 15  
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( C -1 ” ) ;  m /z  39 2 . 57 3 14  ( M + ,  9 .5  %) ,  C 2 3 H 3 6 O 3 S  r equ i re s  M +  
3 9 2 . 54 87 1 .  
 
4.2.3  α-Benzylation of  esters derivatives 
 
4 .2 .3 .1  α -Benzyla t ion  o f  es ters  160a  -  160e 
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2 ” -
b e nz y l pr op an oa t e  16 1 a  
 
A  s o l u t i on  o f  (1 R ,2 S , 3R ) - 2 ,2 - [ (1R , 2 S , 3R ) - b or na n e- 2 ,3 - d i ox y] -
b or na n -3 - y l  p ro pan o a t e  16 0a  ( 1 . 00  g ,  3 . 2  mmo l )  i n  T H F  w a s  
a d d ed  d ro p -w i s e  t o  a  s t i r r ed  so lu t io n  o f  LD A  ( 4 .8  mm ol ;  
ge n e r a t ed  i n  s i t u  f r o m  d r y d i i s op r opyl a m i n e  an d  bu t yl l i t h i um  in  
T H F)  un d e r  n i t ro gen  a t  -7 8 o C .   A f t e r  3 0  m in  t h e  r eac t i on  mix tu re  
w a s  wa rm e d  to  -6 0 o C  fo r  2 0  mi n ,  an d  co o l e d  b a ck  t o  - 78 o C .   A f t e r  
s t i r r i n g  f o r  2  h ,  be nz yl  b r omi d e  ( 0 . 8  g ,  3 . 2  mm ol )  w as  a d de d  to  
t h e  co ld  so lu t io n  an d  s t i r r i n g  c on t in ue d  a t  -7 8 o C  fo r  a no th e r  2  h  
b e f o re  a l l ow in g  th e  mix t u r e  t o  wa r m  to  r oo m  t em p er a tu r e  
o v e rn i gh t .   T h e  r ea c t i on  w a s  qu e nc he d  w i t h  s a t u r a t ed  N a H C O 3  
(3 0  ml )  an d  t h e  r es u l t i n g  mix t u re  ex t r ac t ed  w i t h  d i e th yl  e t he r  ( 3  
x  3 0  m l ) .   Th e  c om bi ne d  e t h e r  ex t r ac t s  w e r e  d r i ed  ( a nh yd r o us  
M gS O 4 )  an d  c on c en t ra t ed  i n  va c uo .   P r ep a r a t i v e  T LC  pu r i f i ca t i on  
u s i n g  s i l i c a  [ e l u t i on  w i t h  hex an e / e t h yl  a c e t a t e  (9 .9 : 0 .1 ) ]  a f f o r ded  
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2”-
b e nz y l pr op an oa t e  1 6 1a  a s  a  c o l o r l es s  o i l  ( 0 . 30  g ,  0 . 6  m mol ,  21  
% ) ;  νm a x  ( K B r ) / cm - 1  17 32  ( CO ) ;   δH  ( 30 0  MHz ;  C DCl 3 )  0 .1 2 / 0 . 15 ,  
0 . 32 / 0 . 41 ,  0 .5 3 / 0 . 57 ,  0 .6 2 / 0 . 70 ,  0 .8 2 /0 . 88  (1 5H ,  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ -  
a n d  10 ’ -C H 3 ) ,  0 . 95 / 1 . 10  ( 3 H,  d ,  3 ” -  CH 3 ,  J  6 . 9 )  1 .3 2 / 1 . 46  ( 3 H,  s ,  
1 0 -C H 3 ) ,  1 .4 9 -1 .9 8  ( 1 0H ,  co mpl ex  o f  m ul t i p l e t ,  5 - ,  5 ’ -  6 - ,  6 ’ -
C H 2 ,  4 - H a nd  4 ’ - H) ,  2 . 75  ( 1 H,  m ,  2 ” - H) ,  2 .9 2  a nd  3 .1 8  ( 2H ,  2x d d ,  
P hC H 2 )  3 . 42 / 3 . 59  a n d  3 .7 2 /3 .8 9  (2 H ,  2x d ,  2 ’ -  a nd  3 ’ - H ) ,  
4 . 50 / 4 . 55  ( 1 H,  s ,  3– H )  a nd  7 .2 3 -7 .6 2  ( 5 H ,  m ,  A r -H ) ;  δC  ( 7 5  MHz ,  
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C DCl 3 )  11 .2 3 /1 1 .2 5  a nd  11 .4 2 /12 . 02  (C -1 0  an d  C - 10 ’ ) ,  
1 7 .0 8 /1 7 . 37  (C -3 ”) ,  2 0 . 04 /2 0 . 94  (C - 8 ) ,  21 .2 8 / 21 .3 9  ( C- 8 ’ ) ,  
2 1 .2 8 /2 1 . 39 (C - 9 ) ,  2 1 .4 6 /2 3 . 09  ( C -9 ’ ) ,  2 3 . 93 /2 4 . 01  ( C- 5 ) ,  2 4 . 76  
( C -5 ’ ) ,  29 .7 8 /2 9 .6 2  (C -6 ) ,  32 .9 6 /3 3 .1 1  (C - 6 ’ ) ,  39 . 7 5 /4 0 . 07  
( P h CH 2 ) ,  42 .2 3 / 42 . 4 7  (C - 4 ) ,  4 6 . 21  ( C -1 ) ,  47 .3 4 / 47 .4 5  (C -4 ’ )  
4 7 .8 2 /4 8 . 47  ( C -1 ’ ) ,  4 9 .6 8 / 50 .5 5  (C - 4 ) ,  5 1 .6 1  (C - 7 ) ,  5 1 . 66  ( C - 7 ’ ) ,  
8 1 .2 4  (C - 2 ’ ) ,  8 3 . 10 / 83 .2 3  (C -3 ) ,  89 .1 9 / 89 .3 0  (C -3 ’ ) ,  11 7 .1 1  (C -2 )  
a n d  17 2 . 10 /1 72 .6 1  ( C -1 ” ) ;  m /z  4 66 .3 10 1 2  (M + ,  29 .5  % ) ,  C 3 0 H 4 2 O 4  
r e q u i r es  M +  4 66 .3 08 3 1 .   
  
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2 ” -
b e nz y l b u ta no a t e  161 b .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l   2” -b en z y l pro p an oa t e  
1 6 1a  w as  f o l l ow e d  us in g  a  s o lu t io n  o f  (1 R , 2S , 3R ) - 2 ,2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  b u ta no a t e  16 0b  (0 .9 0  
g ,  2 . 0  mmo l )  i n  T H F  ( 3 0  m l ) ,  LD A  ( 3 .5  mm ol )  a nd  b e nz yl  
b r omi d e  (0 .2 0  g ,  2 . 0  mmo l ) .   W or k - up  a nd  p r ep a r a t i v e  T LC  
p u r i f i c a t i o n  us i n g  s i l i c a [ e l u t i on  w i t h  h ex a n e / e t h yl  a c e t a t e  
( 9 9 : 01 ) ]  a f fo rde d  (1 R , 2S ,3 R ) - 2 , 2 - [ (1 R ,2 S , 3R ) - b orn a ne - 2 , 3 -
d io x y] born an - 3 -y l  2 ” - b en z y lb u t an oa te  1 6 1b  (0 .4  g  0 .8 3  m mol ,  4 1  
% ) ;  νm a x  ( K B r) / cm - 1  1 72 9  (C O ) ;  δH  (30 0  MHz;  CDCl 3 )  0 .7 2 / 0 . 77 ,  
0 . 78 / 0 . 80 ,  0 .8 6 ,  0 .9 2 / 0 . 10  ( 12 H,  s ,  8 - ,  8 ’ , -  9 - ,  a nd  9 ’ - CH 3 ) ,  1 .05  
( 3 H ,  t ,  4 ” -C H 3 ) ,  1 . 1 4 /1 .1 8  a nd  1 .2 6  ( 6 . H ,  s ,  10 -  a nd  10 ’ -C H 3 )  
0 . 31 -0 .3 9  a nd  1 . 28 - 1 . 85  (1 0 H,m ,  5 - ,  5 ’ -  6 - ,  6 ’ -  a nd  3 ” -  C H 2 ) ,  
1 . 98  a nd  1 . 93  ( 2H,  2x d ,  4 - ,  4 ’ - H) ,  2 . 25 -  2 . 31  (1 H ,  q ,  2 ” -  H ) ,  
2 . 63 / 2 . 72  a nd  3 .0 1 / 3 . 06  (2 H ,  2x dd ,  C H 2 Ph ) ,  3 . 55 /3 . 71  and  
3 . 61 / 3 . 85  (2 H ,  2xd ,  2 ’ -  a nd  3 ’ - H ) ,  4 . 46 / 4 . 59  (1 H ,  s ,  3 - H )  a nd  
7 . 25 –7 .4 1  ( A r -  H) ;  δC  (7 5  M Hz ,  C DCl 3 ) ;  11 .2 6 / 11 .5 9 ,  12 .2 9 / 13 .62  
( C -1 0 ,  C -1 0 ’ ) ,  2 1 . 31 /2 1 . 41 ,  21 .5 4 ,  23 .0 9 / 23 .9 0 ,  2 3 . 98 /2 4 .0 1  ( C- 8 ,  
C - 8 ’ ,  C -9 ,  C -9 ’ ) ,  2 5 .7 7 /2 5 . 89  (C - 4 ” ) ,  2 7 . 88 / 28 .6 2 ,  28 .9 2 / 29 .1 2 ,  
2 9 .7 6 /2 9 . 87 ,  31 .6 2 / 31 .9 8  (C -5 ,  C - 5 ’ ,  C - 6 ,  C - 6 ’ ) ,  36 .3 1 /3 7 .0 2  (C -
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3 ” ) ,  3 8 . 06 / 40 . 21  (Ph CH 2 ) ,  4 6 . 21 / 46 .7 2  ( C -4 ’ ) ,  47 .3 1 / 47 .92  (C - 1 ) ,  
4 8 .3 9 /4 9 . 62  ( C- 4 ’ ) ,  4 9 .8 4 / 49 .9 2  (C -1 ’ ) ,  5 0 . 63 /5 0 . 78  (C - 2”) ,  5 0 . 69  
( C -7 ) ,  51 .5 4 / 51 .9 6  ( C -7 ’ ) ,  81 .2 3 / 81 .3 1  ( C -2 ’ ) ,  83 .0 1 /8 3 . 69  (C - 3 ) ,  
8 9 .0 1 /8 9 . 24  (C - 3 ’ ) ,  11 7 . 14 /1 17 .99  ( C- 2 ) ,  12 6 . 75 /1 26 .8 0 ,  
1 2 8 . 76 / 12 8 . 82 ,  12 9 .2 8 /1 29 .4 2 ,  139 . 67 ,  14 0 . 04  ( Ar - C )  a nd  
1 7 4 . 23 / 17 4 . 95  ( C-1 ” ) ;  m /z  4 80 .3 24 12  ( M + ,  9 .2  % ) ,  C 3 1 H 4 4 O 4  
r e q u i r es  M +  4 80 .2 56 8 3 .     
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2 ” -
b e nz y l - 3” -m e th y l bu t an oa te  1 61 c .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2” -b en z y l pro p an oa t e  
1 6 1a  w as  f o l l o w ed  u s i n g  a  s o l u t i on  o f  e s t e r  d e r iv a t iv e  160 c  ( 1 .3 0  
g ,  3 . 0  mmo l )  i n  T H F  ( 3 0  m l ) ,  LD A  ( 5 .5  mm ol )  a nd  b e nz yl  
b r omi d e  (0 .8  g ,  3 . 0  mm ol ) .   W ork - up  a n d  p r e pa r a t i v e  T LC  
p u r i f i c a t i o n  u s i n g  s i l i ca  [ e l u t io n  w i t h  h ex a ne : e t h yl  a c e t a t e  
( 9 8 : 02 ) ]  a f fo rde d  (1 R , 2S ,3 R ) - 2 , 2 - [ (1 R ,2 S , 3R ) - b orn a ne - 2 , 3 -
d io x y] born an - 3 -y l  2 ” - b en z y l -3” - m e t hy l bu t an oa t e  16 1 c .  
 T he  f i r s t  i s om e r  e l u t ed  w as  a  wh i t e  s o l i d  (0 .3 0  g ,   0 . 6  m mol ,  2 1  
% ) ;  m p  12 5 . 4 -1 26 .3  o C ;  νm a x  ( K B r ) / cm - 1  1 73 2  ( CO ) ;  δH  ( 3 00  MHz ;  
C DCl 3 )  0 . 72 ,  0 . 79 ,  ( 6 H ,  2x s ,  1 0 - ,  10 ’ - C H 3 ) ,  0 . 86  ( 6H ,  s ,  8 - ,  8 ’ -
C H 3 ) ,  1 . 06  (6 H ,  d ,  i so v -C H 3 ) ,  1 . 08  and  1 .1 0  ( 6 H,  2x s ,  9 - ,  a nd  9 ’ -  
C H 3 )  0 .8 3 ,  0 . 62 ,  1 . 0 5 ,  1 .2 5  an d  1 .3 5  ( 8 H,  m ,  5 - ,  5 ’ - 6 -  a n d  6 ’ -
C H 2 ) ,  1 .8 2  (1 H,  d ,  4 - H ,  J  4 . 91 ) ,  1 . 99  ( 1 H ,  m,  3 ” - H ) ,  2 . 53  ( 1H ,  q ,  
2 ” - H )  2 . 82 -  2 . 98  (2 H ,  2x dd ,  C H 2 Ph ) ,  3 . 35  a n d  3 . 45  ( 2H,  2x d ,  2 -  
a n d  3 ’ -H ,  J  6 .8 ) ,  5 . 1 5  (1 H ,  s ,  3 - H )  an d  7 .2 1 - 7 . 45  ( Ar - H) ;  δC  ( 75  
M Hz ;  C DCl 3 ) ;  11 .1 9  a nd  1 1 . 31  ( C- 10  a n d  C - 10 ’ ) ,  2 0 . 83 ,  20 .8 9 ,  
2 1 .3 5 ,  2 1 . 42 ,  2 1 . 65 ,  22 .9 1  (C -8 ,  C - 8 ’ ,  C - 9 ,  C -9 ’ ,  i s ov a l e ry l - C H 3 ) ,  
2 3 .9 6 ,  2 4 . 98 ,  2 4 . 87 ,  29 .7 4  ( C- 5 ,  C - 5 ’ ,  C -6 ,  C -6 ’ ) ,  35 .5 2  ( Ph CH 2 ) ,  
4 4 .4 9  (C - 7 ) ,  4 7 . 54  ( C -7 ’ ) ,  47 .9 4  (C - 1 ) ,  48 .5 0  ( C- 1 ’ ) ,  5 0 .5 0  (C -4 ) ,  
5 1 .4 9  (C -4 ) ,  5 3 . 42  ( C - 3 ”) ,  54 .9 8  (C -2 ” ) ,  81 .0 4  (C -2 ’ ) ,  8 4 .0 5  (C -
3 ’ ) ,  8 8 . 84  (C -3 ) ,  11 6 .8 6  (C - 2 ) ,  12 6 . 89 ,  1 28 .8 1 ,  12 9 . 31  an d  1 40 .5 6  
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( A r -C )  an d  17 4 . 76  ( C- 1 ” ) ;  m / z  4 94 .28 9 24  ( M + ,  6 . 1  % ) ,  C 3 2 H 4 6 O 4  
r e q u i r es  M +  4 94 .2 57 5 2 .    
 
T h e  s e co nd  i s om er  w a s  an  o i l  (0 .1 0  g ,  0 .2  mm ol ,  1 0  % ) ;  νm a x  
( K B r ) / cm - 1  17 27  (C O ) ;  δH  (3 00  M Hz ;  C DCl 3 )  0 .6 5 ,  0 .7 2 ,  0 . 86 ,  
0 . 97 ,  0 . 99  ( 15 H,  5  x  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ -  a n d  1 0 - CH 3 ) ,  1 . 07  ( 6 H,  d ,  
i so v -  C H 3 ) ,  1 . 19 - 1 .9 8  (1 1H ,  m,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ,  4 - H,  4 ’ - H  a nd  
3 ” - H ) ,  2 . 46  (1 H,  q ,  2 ” - H ) ,  2 .7 8 -2 .9 7 (2 H ,  2x d d ,  C H 2 Ph ) ,  3 .7 9  and  
3 . 89  (2 H ,  2x d ,  2 ’ - an d  3 ’ - H ) ,  5 . 18  ( 1 H,  s ,  3 -H )  a nd  7 . 18 - 7 . 3 2  ( 5 H,  
m ,  A r - H) ;  δC  ( 75  M Hz ;  C DC l 3 )  1 1 . 18 ,  1 1 . 24  (C -1 0 ,  C -1 0 ’ ) ,  2 0 . 57  
( C -8 ) ,  2 0 . 90  ( C-8 ) ,  21 .0 6  (C -9 ) ,  2 1 .2 8  (C -9 ) ,  21 . 26  (C -
i so v a l e r yl ) ,  23 .7 9  (C - 5 ) ,  2 4 . 06  (C -5 ’ ) ,  2 9 . 72  (C -6 ’ ) ,  31 .80 ,  3 2 . 79  
( C -6 ) ,  37 .3 6  (C H 2 P h) ,  4 6 . 21  ( C- 1 ) ,  4 6 . 27 (C -1 ’ ) ,  47 .9 0  ( C- 4 ) ,  
4 8 .0 2  (C -7 ) ,  50 .3 5  ( C- 4 ’ ) ,  5 1 . 41  (C -7 ’ ) ,  55 .6 1  (C - 3 ”) ,  5 7 .6 1  (C -
2 ” ) ,  8 1 . 23  (C -2 ’ ) ,  83 .6 9  (C -3 ) ,  88 . 69  (C -3 ’ ) ,  11 7 .0 7  (C -2 ) ,  
1 2 6 . 66 ,  12 8 . 73 ,  12 8 .8 0 ,  1 29 .2 2 ,  1 29 . 59  a nd  1 39 .9 5  (A r - C)  a nd  
1 7 5 . 13  ( C- 1 ” ) ;  m /z  4 94 .3 40 80  (M + ,  5 .9  % ) ,  C 3 2 H 4 6 O 4  r e qu i re s  M +  
4 9 4 . 33 96 1 .    
  
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2 ” -
b e nz y l - 3” , 3” -d im e th y lb u ta no a t e  1 61d .  
 
T h e  m e th od  d esc r ib e d  fo r  t h e  s yn t h e s i s  (1 R ,2S , 3R ) - 2 ,2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2 ” -b en z y l pro p an oa t e  
1 6 1a  w as  fo l lo w e d  u s i n g  c omp ou nd  1 6 0d  ( 1 . 80  g ,  4 .2  m mol )  i n  
T H F ( 30  ml ) ,  LD A  ( 7 .5  m mol )  an d  be nz yl  b r omi d e  ( 0 . 71  g ,  4 .2  
m mol ) .   W o rk -up  a nd  p r e p a ra t i v e  l a ye r  c h r o m at o gr ap h i c  
p u r i f i c a t i o n  u s i n g  s i l i ca  [ e l u t io n  w i t h  h ex a ne / e t h yl  a c e t a t e  
( 9 9 : 01 ) ]  a f fo rde d  (1 R , 2S ,3 R ) - 2 , 2 - [ (1 R ,2 S , 3R ) - b orn a ne - 2 , 3 -
d io x y] born an - 3 -y l  2 ” - b en z y l -3” ,3” -d im e th y l - bu t an oa t e  16 1d  
( 0 .9 0  g ,  1 .8  mm ol ,  4 5  % ) ;  νm a x  ( K B r) / cm - 1  1 73 1  (C O) ;  δH  ( 3 00  
M Hz ,  C DCl 3 ) ;  0 . 31 /0 .3 5 ,  0 .3 9 /0 .4 0 ,  0 . 46 /0 .5 1 ,  0 . 72 /0 . 8 1 ,  0 . 93 ,  
1 . 10  (1 8H ,  6x s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  10 -  an d  1 0 ’ - CH 3 ) ,  1 . 26 /1 . 29  (9 H,  
s ,  t - Bu -C H 3 ) ,  1 .2 9 - 1 .9 2  ( 10 H,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ - CH 2 ,  4 - ,  4 ’ - H ) ,  
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2 . 41  (1 H,  t ,  2 ” - H ) ,  2 .8 4  ( 2 H,  t ,  C H 2 Ph ) ,  3 .6 1  a nd  4 . 01  (2 H ,  2x d ,  
2 ’ - H  a nd  3 ’ - H ) ,  4 . 2 7 /4 .3 2  ( 1 H,  s ,  3 - H ) ;  δC  (7 5  M Hz ,  C DCl 3 )  
1 1 .1 6 /1 1 . 68 ,  11 .2 4 / 12 .0 1  (C -1 0  a nd  C - 10 ’ ) ,  20 . 24 / 20 .68  ( C -9 ) ,  
2 0 .9 1 /2 1 . 31  (C -9 ’ ) ,  21 .2 4 /2 1 . 78  (C - 8 ) ,  2 2 . 98 / 23 .4 1  ( C -8 ’ ) ,  
2 4 .0 7 /2 4 . 67  (C -5 ) ,  2 4 . 78 /2 5 . 63  (C -5 ’ ) ,  28 .3 6  ( C- 3 ” ) ,  2 9 . 7 1 /3 0 . 45  
( C -6 ) ,  32 .7 6 /  3 3 .7 1  (C -6 ’ ) ,  3 4 . 26 /3 4 .6 7  (C - 3” ) ,  3 5 .2 4 / 37 .2 3  
(C H 2 Ph ) ,  46 .2 7 /4 6 . 8 2  (C -1 ) ,  47 .2 5 /4 7 .6 7  (C -4 ) ,  47 .87 ( C- 1 ’ ) ,  
5 0 .2 5 /5 0 . 34  (C -4 ’ ) ,  5 1 . 35 /5 2 . 45  (C - 7 ) ,  59 .0 5 / 60 .1 3  ( C- 2 ” ) ,  
8 1 .1 8 /8 2 . 23  (C -2 ’ ) ,  84 .1 4 /8 5 . 13  (C - 3 ) ,  8 8 . 48 / 88 .7 9  ( C -3 ’ ) ,  
1 1 6 . 75 / 11 7 . 01  ( C- 2 ) ,  1 26 .6 7 ,  12 6 . 92 ,  1 2 7 , 88 ,  1 28 .8 0 ,  1 29 . 81  ( A r -
C )  a nd  1 74 .8 3 / 175 . 12  (C - 1 ”) ;  m/ z  5 0 8 . 31 45 6  ( M + ,  5 . 2  % ) ,  
C 3 3 H 4 8 O 4  r e qu i r es  M +  50 8 . 40 32 0 .   
  
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  2 ” -
b e nz y l - ph e n y l e t ha no a t e  1 61 e    
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2” -b en z y l pro p an oa t e  
1 6 1a  w as  f o l l ow e d  us in g  a  s o lu t io n  o f  (1 R , 2S , 3R ) - 2 ,2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  ph en y l e th ano a t e  16 0 e  
( 1 .1 0  g ,  3 .3  mm ol )  i n  T H F  ( 30  ml ) ,  LD A  ( 5 . 5  m mo l )  a n d  b enz yl  
b r omi d e  (0 .9 0  g ,  3 . 3  mm ol ) .   A f t e r  w o rk - up  on l y u n r e ac t ed  
s t a r t in g  e s t e r  w as  i s o l a t e d .  
 
 
4 .2 .3 .2  α -Benzyla t ion  o f  es ters  168a -168c  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2  y l -2 ”-
b e nz y l pr op an oa t e  16 9 a  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2” -b en z y l pro p an oa t e  
1 6 1a  w as  fo l l o w ed  u s i n g  a  s o l u t i on  o f  e s t e r  de r iv a t iv e  1 68 a  ( 1 .0 0  
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g ,  3 . 5  mmo l )  i n  T H F  ( 3 0  m l ) ,  LD A  ( 5 .3  mm ol )  a nd  b e nz yl  
b r omi d e  (0 . 40  g ,  3 . 5  mmo l ) .   W o r k- up  f o l lo w ed  b y  p r e p a r a t i v e  
T LC  p u r i f i c a t i on  us i n g  s i l i c a  [ e l u t i on  w i t h  h ex an e / e t h yl  a c e t a t e  
( 9 9 : 1 ) ]  a f f o rd ed  (1 R ,2 S , 3R ) - 3 , 3 - [ (1 R ,2 S , 3R ) - b orn a ne - 2 , 3 -
d io x y] born an - 2 -y l  2 ” - b en z y lp ro pa no a t e  16 9a  ( 0 . 30  g ,  0 . 6  m mol ,  
1 9  %) ;  νm a x  ( K Br ) / cm - 1  17 35  (C O) ;  δH  ( 30 0  M Hz ;  C DCl 3 )  
0 . 75 / 0 . 78 ,  0 .8 5 /0 . 88 ,  0 .9 4 / 0 . 96 ,  0 .9 7 ,  1 . 01 / 10 21 ,  ( 1 5H ,  s ,  8 - ,  8 ’ - ,  
9 - ,  9 ’ -  a nd  1 0 ’ - CH 3 ) ,  1 .1 1 /1 .1 2  ( 3H ,  d  ,  3 ” -C H 3 ,   J  4 . 6 ) ,  1 . 1 7 /1 .2 1  
( 3 H ,  s ,  10 -C H 3 ) ,  1 . 45 -1 .9 2  ( 10 H ,  m ,  4 - ,  4 ’ - H ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -
C H 2 ) ,  2 . 56  a nd  3 . 18  ( 2 H,  2x dd ,  C H 2 Ph ,  J  8 . 3 ) ,  2 .7 5  (1 H,  m ,  2 ” -
H ) ,  3 .8 0  a nd  3 . 86  (2 H ,  2x d ,  2 ’ - ,  3 ’ -H ,  J  5 . 6 ) ,  4 .9 6 / 4 . 98  (1 H ,  s ,  2 -
H ) ,  7 . 21 -7 .3 6  (5 H,  m ,  Ar - H ) ;  δC  (7 5  M Hz;  CDCl 3 )  11 .4 4 / 11 .2 7  
( C -1 0 ,  C -1 0 ’ ) ,  16 .6 9 / 17 .0 2  (C - 3” ) ,  20 . 02 / 20 .3 1 ,  2 0 . 96 /2 1 .1 3  (C -
8 ,  C - 8 ’ ) ,  21 .7 0 / 22 .3 4  (C - 5 ) ,  22 .9 1 / 23 . 0 3  (C -9 ) ,  2 3 . 52 /23 . 71  (C -
5 ’ ) ,  32 .2 1 / 32 .3 7  (C - 6 ) ,  3 3 . 66 / 33 .7 3  ( C -6 ’ ) ,  39 .7 8 / 39 .94  (C H 2 P h) ,  
4 2 .0 3 /4 2 . 23  (C -2” ) ,  4 6 . 55 /4 6 . 65  ( C -1 ) ,  47 .5 6 / 47 .68  (C -4 ) ,   
4 8 .2 8 /4 8 . 67  (C -7 ) ,  49 .6 7 / 49 .5 7  (C- 7 ’ ) ,  49 .7 5 /5 0 . 39  ( C -1 ’ ) ,  
5 0 .8 2 /5 1 . 06  (C -4 ’ ) ,  82 .3 0 /8 2 . 70  (C - 2 ’ ) ,  82 .5 7 / 83 .04  (C - 2 ) ,  
8 6 .4 5 /8 6 . 89  (C - 3 ’ ) ,  11 5 . 18 /1 15 .49  ( C- 3 ) ,  12 6 . 31 /1 26 .6 0 ,  
1 2 6 . 98 / 12 7 . 97 ,  12 8 . 7 4 /1 28 .8 7 ,  1 29 .5 4 /1 2 9 . 63 ,  1 38 .4 8 / 14 0 . 0 4  (A r -
C )  a nd  17 5 . 03 / 175 . 48  ( C- 1 ” ) ;  m/ z  4 66 .2 20 13  (M + ,  2 7 . 3  % ) ,  
C 3 0 H 4 2 O 4  r e qu i r es  M +  46 6 . 20 33 1 .    
 
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  2 ” -
b e nz y l - 3” -m e th y l bu t an oa te  1 69 b .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2” -b en z y l pro p an oa t e  
1 6 1a  w a s  fo l l ow ed  u s in g  a  s o l u t i on  o f  e s t e r  1 68b  (0 .70  g ,  1 .7  
m mol )  i n  T H F  ( 20  m l ) ,  LD A  ( 3 . 5  mmo l )  an d  b enz yl  b r om id e  ( 0 . 30  
g ,  1 .7  mm ol ) .   W or k - up  an d  p r ep a r a t i v e  T LC  pu r i f i c a t i o n  u s in g  
s i l i c a  [ e l u t i on  w i t h  h ex an e / e t h yl  a c e t a t e  ( 99 : 1 ) ]  yi e l d ed  
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(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  2”-
b e nz y l - 3” -m e th y l bu t an oa te  16 9b  a s  an  o i l  (0 .2 5  g ,  0 . 5  mm ol ,  51  
% ) ;  νm a x  ( K B r) / cm - 1  17 35  (C O ) ;  δH  (30 0  M Hz;  CDCl 3 ) ;  0 . 0 8 /0 .2 1 ,  
0 . 32 / 0 . 55 ,  0 . 77 ,  0 .8 2 ,  0 .9 0 /0 .9 3  (1 2H ,  4x s ,  8 - ,  8 ’ - ,  9 - ,  a n d  9 ’ -
C H 3 ) ,  0 .9 3 / 0 . 98  (6H ,  d ,  i s ov -C H 3 ,  J  6 . 00 ) ,  1 . 01 / 1 . 09 ,  1 . 1 7  ( 10 - ,  
1 0 ’ -C H 3 ) ,  1 . 53 - 1 . 97  ( 10 H,  m ,  4 - ,  4 ’ -H ,  5 - ,  5 ’ - ,  6 - ,  6 ’ - CH 2 ) ,  2 .07  
( 1 H ,  m ,  3 ” - H) ,  2 . 70  ( 1 H,  m ,  2 ” -H ) ,  2 . 9 9  (2 H,  d ,  C H 2 Ph ,  J  1 8 .5 ) ,  
3 . 71 / 3 . 93  an d  3 . 77 /3 . 98  ( 2 H,  2x d ,  2 ’ -  a n d  3 ’ -H ) ,  4 . 88 / 4 . 94  (1 H ,  s ,  
2 - H ) ,  a n d  6 . 99 -7 .2 7  ( 5 H,  m ,  A r -H ) ;  δC  ( 7 5  M Hz ,  C DCl 3 )  
1 1 .3 7 /1 1 . 45 ,  11 .4 4  (C - 10 ,C -1 0’ ) ,  1 9 .9 0  ( i s ov a l e r yl - C H 3 ) ,  
2 0 .1 1 /2 0 . 31  ( C- 9 ) ,  2 0 .9 7  (C -5 ) ,  21 .10 /2 1 . 30  ( C- 9 ’ ) ,  21 . 6 7 /2 2 . 32  
( C -8 ) ,  2 2 . 71 / 23 .0 0  ( C -8 ’ ) ,  23 .5 1 / 23 . 6 5  ( C- 5 ’ ) ,  2 9 . 47  ( C -3 ” ) ,  
3 2 .2 2 /3 2 . 36  (C - 6 ) ,  33 .3 1  ( C- 6 ’ ) ,  33 .7 1 / 33 .8 5  (C H 2 Ph ) ,  
4 6 .4 0 /4 6 . 64  ( C- 1 ) ,  4 7 .5 4  (C -4 ’ ) ,  4 7 .7 4 / 47 .8 5  (C -7 ) ,  48 . 2 7 /4 8 . 64  
( C -7 ’ ) ,  49 .5 6 /4 9 . 84  (C -1 ) ,  50 .8 3 / 50 . 7 0  (C -4 ) ,  53 .6 0  ( C- 2 ” ) ,  
8 2 .2 2 /8 3 . 0  ( C- 2 ’ ) ,  8 2 . 93 /8 3 . 75  ( C -2 ) ,  86 .9 3  ( C -3 ’ ) ,  
1 1 5 . 18 / 11 5 . 45  ( C -3 ) ,  12 6 . 32 ,  12 8 . 68 ,  12 9 .5 5 ,  1 41 .0 2  ( A r - C) ,  
1 7 3 . 91 / 17 4 . 34  ( C-1 ” ) ;  m /z  4 94 .6 20 20  ( M + ,  5 .9  % ) ,  C 3 2 H 4 6 O 4  
r e q u i r es  M +  4 94 .6 31 6 1 .    
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l -2” -
b e nz y l - 3” , 3” -d im e th y lb u ta no a t e  1 69 c .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2 ” - b enz yl p r o p an o a t e  
1 6 1a  w as  f o l l o we d  u s i n g  e s t e r  16 8c  ( 0 .9 0  g ,  2 . 1  mm ol )  i n  TH F 
( 3 0  ml ) ,  LD A  ( 4 .3  m mol )  a nd  b enz yl  b r omi d e  (0 .4 0  g ,  2 .1  mm ol ) .   
W o r k -u p  a nd  p r epa r a t i v e  T LC  pu r i f i c a t i on  u s i n g  s i l i c a  [ e l u t i o n  
w i t h  h ex an e / e th yl  a c e t a t e  ( 99 :1 ) ]  ga ve  (1 R ,2 S , 3 R ) - 3 , 3 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 2 - y l  2 ” - b en zy l -3 ” , 3” -
d i me th y l bu ta no a t e  1 6 9c  a s  a n  o i l  ( 0 .35  g ,  0 . 69  mm ol ,  42  % ) ;  νm a x  
( K B r ) / cm - 1  1 74 5  ( C O ) ;  δH  ( 30 0  M Hz ;  C DC l 3 )  0 . 02 / 0 . 15 ,  
0 . 45 / 0 . 58 ,  0 .8 0 ,  0 .8 4 ,  0 .9 5 ,  1 . 09 /1 .12 ,  (1 8 H,  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  
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1 0 -  a nd  10 ’ -C H 3 ) ,  1 . 1  ( 9H ,  s ,  t - Bu -CH 3 ) ,  1 .2 1 - 1 . 94  ( 10H ,  m ,  5 - ,  
5 ’ - ,  6 - ,  6 ’ -  C H 2  an d  4 - ,  4 ’ -H ) ,  2 . 52  ( 1 H,  d ,  2 ” - H,  J  4 . 5  ) ,  2 .9 3  
( 2 H ,  d ,  P hCH 2 ,  J  5 . 4 ) ,  3 .7 4  a nd  3 .98  ( 2H ,  2x d ,  2 ’ -  an d  3 ’ - H) ,  
4 . 28 / 4 . 29  ( 1H ,  s ,  3 - H ) ;  δC  ( 75  MHz ;  C DC l 3 )  11 .1 6 ,  11 . 2 4 /1 1 . 45  
( C -1 0 ,  C - 10 ’ ) ,  2 0 . 25 /2 0 . 93  (C - 8 ) ,  2 1 . 25 / 21 .44  (C - 8 ’ ) ,  
2 1 .8 7 /2 1 . 45  (C - 9 ) ,  23 .0 0 /2 3 . 13  ( C -9 ’ ) ,  23 .6 3 / 24 .0 8 (C -5 ) ,  
2 4 .7 9 /2 5 . 14  (C -5 ’ ) ,  28 .3 7 /2 8 . 60  (C- t - Bu) ,  2 9 . 71 /3 0 . 13  (C - 6 ) ,  
3 2 .4 7 /3 2 . 77  (C - 6 ’ ) ,  34 .2 5 / 34 .3 9  (C -3 ” ) ,  3 4 . 73 / 35 .2 5  ( Ph CH 2 ) ,  
4 6 .2 3 /4 6 . 27  ( C- 1 ’ ) ,  4 7 . 25 /4 7 . 67  (C - 4 ) ,  4 7 . 81 / 47 .8 7  (C -1 ) ,  48 .06  
( C -7 ) ,  5 0 . 24  (C -4 ’ ) ,  51 .3 5 /5 1 . 38  (C - 7 ’ ) ,  5 9 . 01 / 59 .0 5  ( C -2 ” ) ,  
8 1 .0 0 /8 1 . 18  (C -2 ’ ) ,  84 .1 3 /8 4 . 83  (C - 3 ) ,  8 8 . 48 / 88 .8 9  ( C -3 ’ ) ,  
1 1 6 . 89 / 11 7 . 01  ( C- 2 ) ,  1 26 .6 7 / 12 6 . 88 ,  12 8 . 77 /1 28 .8 0 ,  1 2 9 . 24 ,  
1 2 9 . 41 / 12 9 . 82 ,  140 . 23 / 14 1 . 01  ( A r -C )  a n d  1 74 .5 3 / 17 4 . 79  ( C -1 ” ) ;  
m /z  5 08 .3 54 70  (M + ,  3 . 6  % ) ,  C 3 3 H 4 8 O 4  r e q u i r es  M +  5 08 .3 63 1 0 .    
 
4 .2 .3 .3  α -Benzyla t ion  o f  es ters  175a 
 
(1 R , 2S ,3 S ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -3 - a min o -2 -o x y] born a n- 2 - y l  
2 ” - b en z y lp ro pa no a t e  1 76  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2” -b en z y l pro p an oa t e  
1 6 1a  wa s  f o l l o w ed  us in g  a  s o l u t i on  o f  e s t e r  1 75 a  (1 .0  g ,  2 .7  
m mol )  i n  T H F  ( 20  m l ) ,  LD A  ( 3 . 9  mmo l )  an d  b enz yl  b r om id e  ( 0 . 46  
g ,  2 .7  mm ol ) .   W o rk - up  fo l lo w ed  b y p r e p a r a t i v e  T LC  [ e lu t ed  wi t h  
h ex an e – e t h yl a c e t a t e  ( 9 9 : 01 ) ]  a f f o r d ed  a s  a n  o i l  (1 R ,2S , 3S ) - 3 ,3 -
[ (1 R ,2 S , 3R ) - b or nan e - 3 -a mi no -2 - o xy] b or na n -2 - y l  2 ” - b en z y l -
p ro pa no a t e  1 76  (0 . 1 9  g ,  0 .7 2  mm ol ,  2 5  % ) ;  νm a x / cm - 1  ( C HC l 3 )  
1 7 29  (C O ) ;  δH  ( 300  M H Z ;  C DCl 3 )  0 . 74 /0 .7 6 ,  0 .8 0 / 0 . 83 ,  0 . 88 / 0 . 89 ,  
0 . 94 / 0 . 95 ,  0 .9 7 / 1 . 02 ,  1 .0 8 / 1 . 19  ( 18 H,  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  1 0 ’ -  a nd  
1 0 -C H 3 ) ,  1 . 03 / 1 . 09  ( 3 H ,  d ,  3 ” -C H 3 ,  J  7 . 5 ) ,  1 . 55 -1 .6 4  (8H ,  m ,  5 - ,  
5 ’ - ,  6 -  a nd  6 ’ -C H 3 ) ,  1 .7 6 /1 .8 9  (1 H ,  m ,  4 ’ - H ) ,  2 . 04 /2 .13  ( 1 H,  m,  
N H ) ,  2 .4 2  ( 1H ,  d ,  4 - H ) ,  2 . 64  (1 H,  m ,  2 ” - H ) ,  2 .6 9  a nd  2 . 8 3  ( 2H ,  
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2x dd ,  P hC H 2 ,  J  8 ,3 ,  7 .5 ) ,  3 . 10 /3 .3 4 ,  3 .1 4 / 3 . 95  (2 H,  2x d ,  2 ’ - an d  
3 ’ - H ) ,  4 .5 8 / 4 . 91  (1H ,  s ,  2 - H )  a nd  7 . 04 - 7 . 37 ( 5H ,  m ,  A r -H ) ;  δC  ( 75  
M Hz ;  C DCl 3 )  1 1 . 72 ,  1 1 . 89 /1 1 . 96  (C -1 0  an d  C- 10 ’ ) ,  17 .8 7 / 18 .87  
( C -3 ” ) ,  1 9 . 11 / 19 .60  ( C- 8 ) ,  20 .6 5 /2 0 . 71  (C - 8 ’ ) ,  2 0 . 81 /2 0 .8 8  (C -5 ) ,  
2 1 .0 5  (C -9 ) ,  2 6 . 24 / 26 .6 8  (C -5 ) ,  29 .75 /3 0 . 08  ( C- 6 ’ ) ,  39 . 6 3 /3 9 . 68  
( P h CH 2 ) ,  4 6 . 50 /4 6 .6 6  (C - 7 ) ,  47 .0 2 / 47 . 6 9  (C -7 ’ ) ,  4 7 . 97 / 48 . 05  (C -
1 ) ,  49 .7 5 /5 0 . 59  ( C - 1 ’ ) ,  5 3 . 82 /5 3 . 99  ( C - 4 ’ ) ,  58 .7 1 /5 9 .2 1  (C - 4 ) ,  
6 7 .9 4 /6 8 . 68  (C -2 ” ) ,  86 .1 9 / 86 .7 2  ( C- 2 ’ ) ,  8 6 . 85  (C - 3 ) ,  8 7 . 9 3 /8 8 . 61  
( C -3 ’ ) ,  9 8 . 29 / 10 1 . 8 8  ( C- 2 ) ,  12 6 .3 0 / 12 6 . 63 ,  1 26 .73 /1 26 .9 7 ,  
1 2 7 . 97 / 12 8 . 69 ,  12 8 . 7 6 /1 29 .3 5 ,  1 29 .6 3 /1 2 9 . 91 ,  1 39 .9 6 / 13 9 . 9 6  (A r -
C )  a nd  1 75 .3 6 / 175 . 57  (C - 1 ”) ;  m/ z  4 6 5 . 32 42 9  ( M + ,  4 . 6  % ) ,  
C 3 0 H 4 3 N O 3  r eq u i r es  M +  4 65 ,3 43 10 .    
 
4 .2 .3 .4   α -Benzyla t ion  o f  es ters  189  and 190  
  
(1 R , 3S ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 - y l  2 -
b e nz y l pr op an oa t e  19 1 .  
 
T h e  m et ho d  d e sc r i be d  fo r  t h e  s yn th e s i s  o f  (1 R ,2 S , 3 R ) - 2 , 2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  2 ” -b en z y l pro p an oa t e  
1 6 1a  w a s  fo l l ow e d  u s i n g  a  so l u t i on  o f  e s t e r  d e r i v a t i v e  189  ( 0 .7  g ,  
1 . 9  mm ol )  i n  T H F  ( 2 0  m l ) ,  LD A  ( 3 . 5  m mo l )  a n d  b e nz yl  b r om id e  
( 0 .3 1  g ,  1 . 9  mm ol ) .   W o rk - up  f o l l o wed  b y p r e p a r a t i o n  th in  l a ye r  
c h r om at o gr ap h y [ e l u t ed  wi t h  h exa n e - e t h yl a c e t a t e  ( 9 9 : 01 ) ,  
d e v e l op ed  t h r e e  t i m e s ]  a f fo r de d  as  an  o i l  (1 R ,3 S ) - 3 , 3 - [ (1 R , 2R ) -
b or na n e -2 -o x y - 10 - th io] bor na n- 2 - y l  2 ” - b en z y lp ro pa no a t e  19 1  
( 0 .2 3  g ,  0 .5  mm ol ,  3 1  % ) ;  νm a x / cm - 1  (C HCl 3 )  17 40  ( C O) ;  δH  ( 3 00  
M H Z ;  C DC l 3 )  0 .4 2 /0 . 55 ,  0 . 63 /0 .7 8 ,  0 .8 5 / 0 . 86 ,  1 .1 6 /1 .1 7  a n d  1 .22  
( 1 5 H,  s ,  9 - ,  9 ’ - ,  8 ,  8 ’ - ,  an d  1 0 -C H 3 ) ,  1 . 1 9  ( 3 H,  d ,  3 ” -H ) ,  1 . 03  a nd  
1 . 31 -1 .8 3  ( 10 H ,  s e r i e s  o f  mul t i p l e t ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ,  4 ’ - ,  4 - H ) ,  
2 . 34  ( 1H ,  m ,  2 ” - H) ,  2 .6 8  a nd  3 .1 3  (2H ,  2x d d ,  PhC H 2 , ) ,  3 . 18  ( 1H ,  
m ,  2 ’ -H ) ,  4 . 86 /4 .9 3  ( 1 H,  s ,  2 -H ) ,  7 . 02 - 7 .3 7  ( 5 H,  m,  A r - H) ;  δC  (7 5  
M H Z ;  CDCl 3 )  11 .96 ,  1 2 . 03 ,  1 7 . 32 ,  20 . 51 / 20 .5 4 ,  21 .2 3 /2 1 .4 1  a nd  
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2 2 .3 4 /2 2 . 58  (C -1 0 ,  C -9 ,  C - 9 ’ ,  C -8 ,  C - 8 ’ ,  C - 3 ” ) ,  2 2 . 11  (C -5 ) ,  
2 7 .3 8  (C - 5 ’ ) ,  27 .79 /2 7 . 87  (C -6 ) ,  31 .5 0 / 31 .7 1  ( C- 6 ’ ) ,  34 . 10 / 34 .1 8  
( C -3 ’ ) ,  4 0 . 74 /4 1 . 27  ( C H 2 -P h ) ,  3 7 . 65 / 37 .6 9  (C - 10 ’ ) ,  4 1 . 9 8 /4 2 . 45  
( C -2 ” ) ,  4 4 . 99 / 45 .07  ( C- 4 ’ ) ,  4 6 . 22 /46 . 47  (C -7 ) ,  4 7 . 44  ( C -7 ’ ) ,  
4 8 .7 1 /4 8 . 76  ( C- 1 ) ,  4 9 .5 2 / 49 .6 4  (C -1 ’ ) ,  5 6 . 13 / 56 .3 9  (C -4 ) ,  80 .5 3  
( C -2 ’ ) ,  8 8 . 6 4 / 8 8 . 7 7  ( C -3 ) ,  9 8 . 09 / 9 8 . 9 8  (C -2 ) ,  126 .51 / 126 .56 ,  
1 2 8 . 67 / 12 8 . 69 ,  129 . 42 / 12 9 . 51 ,  14 0 .0 1 / 14 0 . 12 ,  14 0 . 06 / 14 0 . 10 6  
( A r -C )  an d  17 4 . 29 / 17 5 . 01  (C -1 ” ) ;  m/z  48 2 . 27 31 5  (M + ,  3 . 6  % ) ,  
C 3 0 H 4 2 O 3 S  r e qu i r e s  M +  48 2 . 28 17 0 .    
 
(1 R , 3R ) - 3 , 3 - [ (1 R , 2R ) - B o rn an e -2 - o x y-1 0 - t h io] bor na n -2 - y l  2” -
b e nz y l pr op an oa t e  19 2 .  
 
T h e  m eth od  d e sc r ib e d  f o r  t he  s yn t he s i s  o f  16 1a  w a s  f o l l o w ed  
u s i n g  a  s o l u t i on  o f  e s t e r  19 0  (0 .7  g ,  1 . 9  mm ol )  i n  T H F  ( 3 0  m l ) ,  
LD A  ( 3 . 5  mm ol )  an d  b e nz yl  b r omi d e  ( 0 . 31  g ,  1 .9  mm ol ) .   W o rk -
u p  fo l l ow e d  b y p r e p a r a t i v e  t h in  l aye r  c h r o m at o gr a phy [ e l u t e d  
w i t h  h ex a n e - e t h yl a c e t a t e  (9 9 : 01 ) ] ,  dev e l o p ed  t wi c e ]  a f fo r d ed  as  
a n  o i l ,  (1 R ,3 S ) - 3 ,3 - [ (1 R , 2R ) - b or na ne - 2 - ox y - 10 - t h io] bor na n -2 - y l  
2 ” - b en z y lp ro pa no a t e  19 2  ( 0 . 25  g ,  4 3  % ) ;  νm a x / cm - 1  (C HCl 3 )  1 74 5  
( C O )  ;  δH  ( 30 0  M H Z ;  C DC l 3 )  0 . 52 / 0 . 55 ,  0 .7 3 /0 .7 8 ,  0 . 85 / 0 . 86 ,  
1 . 16 / 1 . 17  a nd  1 .2 2  ( 1 5H ,  s ,  9 - ,  9 ’ - ,  8 - ,  8 ’ - ,  a nd  1 0 -CH 3 ) ,  1 .19  
( 3 H ,  d ,  3 ” - H,  J  6 . 00 ) ,  1 .0 3  an d  1 . 27 -1 .8 3  ( 10 H ,  s e r i e s  o f  
m ul t i p l e t ,  5 - ,  5 ’ - ,  6 - ,  6 ’ - CH 2 ,  4 ’ - ,  4 -H ) ,  2 . 34  ( 1 H,  m ,  2” - H ) ,  2 . 47  
a n d  ( 2H ,  2x dd ,  P hC H 2 ,  J  6 .0 0 ) ,  3 .1 8  ( 1 H ,  m ,  2 ’ - H ) ,  4 .5 5  ( 1H ,  s ,  
2 - H ) ,  7 .0 2 -7 .3 7  ( 5H ,  m ,  A r -H ) ;  δC  ( 75  MH Z ;  CDCl 3 )  11 .9 6 ,  12 .03 ,  
1 7 .3 2 ,  20 .5 1 / 20 .5 4 ,  2 1 . 23 /2 1 . 41  a nd  2 2 .3 4 /2 2 . 58  ( C- 10 ,  C - 9 ,  C -
9 ’ ,  C -8 ,  C - 8 ’ ,  C - 3” ) ,  22 .1 1  (C -5 ) ,  2 7 . 3 8  ( C- 5 ’ ) ,  27 .7 9 / 27 . 87  (C -
6 ) ,  31 .5 0 /3 1 . 71  ( C-6 ’ ) ,  3 4 . 10 /3 4 . 18  (C- 3 ’ ) ,  3 9 . 74 / 40 .2 7  (C H 2 -Ph ) ,  
3 7 .6 5 /3 7 . 69  (C -1 0’ ) ,  4 1 . 98 /4 2 . 45  (C - 2” ) ,  4 4 . 99 / 45 .07  (C - 4 ’ ) ,  
4 6 .2 2 /4 6 . 47  ( C- 7 ) ,  4 7 .4 4  (C -7 ’ ) ,  4 8 .7 1 / 48 .7 6  (C -1 ) ,  49 . 5 2 /4 9 . 64  
( C -1 ’ ) ,  5 6 . 13 /5 6 . 39  ( C -4 ) ,  80 .5 3  (C - 2 ’ ) ,  88 .8 4 /8 8 . 97  ( C -3 ) ,  
9 6 .1 9 /9 6 . 25  (C - 2 ) ,  1 26 .5 1 / 12 6 . 56 ,  1 28 . 67 / 12 8 . 69 ,  1 29 .42 /1 29 .5 1 ,  
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1 4 0 . 01 / 14 0 . 12 ,  1 40 . 0 6 /1 40 .1 06  ( A r - C)  a n d  1 75 .1 9 / 17 5 . 40  ( C -1 ” ) ;  
m /z  4 82 .2 68 25  (M + ,  3 . 6  % ) ,  C 3 0 H 4 2 O 3 S  r e qu i r e s  M +  4 82 .2 8 57 0 .    
 
4.2.4 Silylation of  ester 160a. 
 
T h e  m eth od  d e s c r i be d  f o r  t h e  s yn th e s i s  o f  ( 1R ,2S , 3R ) -2 ,2 -
[ (1R ,2S ,3 R) - bo r nan e - 2 , 3 -d i ox y] b or n an - 3 - yl  2 ” - b e nz yl p r o p an o a t e  
1 6 1a  w as  f o l l ow e d  u s i n g  a  so lu t io n  o f  e s t e r  1 60 a  ( 0 .61  g ,  1 .6  
m mol )  i n  T H F ( 30  ml ) ,  LD A  ( 3 .0  mm ol )  a nd  T BSC l  (0 . 3  g ,  1 .6  
m mol )  d i s so l v ed  i n  T H F.   W ork - up  a nd  p r e p a r a t iv e  T LC  
p u r i f i c a t i o n  u s i n g  s i l i ca  [ e l u t io n  w i t h  h ex a ne / e t h yl  a c e t a t e  
( 9 8 : 02 ) ]  a f fo r d ed  a  mix tu r e  o f  s i l yl  k e t e n e  a c e t a l s  16 4  a nd  16 5  as  
o i l  (0 .2 5  g ,  0 .4  m mol ,  3 4  %) ;  νm a x / cm - 1  (CHC l 3 )  161 3  (C =C ) ,  
1 0 94  (S i O )  a nd  137 1  (S i C) ;  δH  ( 30 0  M H Z ;  C DCl 3 )  0 . 09 /0 . 11  a nd  
0 . 93 / 0 . 95  ( OT BS) ,  0 .7 2 ,  0 . 83 ,  0 .9 1 ,  1 . 03 ,  1 . 20  (C - 8 ,  C - 8 ’ ,  C -9 ,  
C - 9 ’ ,  C -1 0 ,  C -1 0 ’ ) ,  1 . 16 /1 .2 1  ( 3 ” - CH 3 ) ,  1 .2 3 -1 .4 8  a nd  1 . 8 0 - 1 . 90  
( 1 0  H ,  m ,  6 - ,  6 ’ - ,  5 - ,  5 ’ -CH 2 ,  4 - ,  4 ’ -H )  2 . 11 / 2 . 36  (1 H ,  q ,  2 ” - H) ,  
3 . 54 / 3 . 63  a nd  3 . 71 / 3 . 92  ( 2H ,  d ,  2 ’ - ,  3 ’ - H )  an d  4 .6 3 /4 .67  ( 1 H,  s ,  
3 - H ) ;  δC  ( 75  M H Z ;  CDC l 3 )  -2 . 2 3 / -2 .2 0 ,  1 3 . 17 /13 . 27  an d  
2 3 .0 5 /2 3 . 62  (O T BS) ,  8 .0 3 / 7 . 96  (C -3 ” ) ,  11 .2 1 /1 1 . 22 ,  1 1 . 68  (C -1 0 ,  
C - 10 ” ) ,  21 .3 4 / 21 .42 ,  21 .6 6 / 21 .7 1 ,  23 .0 7 / 23 .1 0 ,  2 3 . 95 / 24 . 7 9  (C -8 ,  
C - 8 ’ ,  C -9 ,  C -9 ’ ) ,  23 .9 6 / 24 .7 4 ,  2 4 .8 9 /2 5 . 08 ,  2 8 . 74 /2 9 . 83 ,  
3 3 .0 1 /3 3 . 17  (C -5 ,  C -5 ’ ,  C- 6 ,  C -6 ’ ) ,  31 .0 6 / 31 .4 8  ( C -4 ’ ) ,  
4 6 .2 9 /4 6 . 31  (C - 7 ) ,  47 .3 3 / 47 .4 1  (C - 4 ) ,  5 0 . 64 /5 0 . 81  ( C -7 ’ ) ,  
8 1 .1 6 /8 1 . 32  (C -2 ’ ) ,  82 .6 6 /8 3 . 05  (C - 3 ) ,  8 9 . 17 / 89 .3 2  ( C -3 ’ ) ,  
1 1 7 . 36 / 11 7 . 47  ( C -2 )  a n d  1 67 .9 1 /1 68 . 53  ( C - OT BS ) ;  m/z  56 5 .4 34 11  
( M + ,  0 . 8  % ) ,  C 3 4 H 6 5 O 4 S i  r e qu i r es  M +  5 6 5 . 46 52 1 .    
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4.2.5 Attempted hydrolysis  of  α-
benzylated ester 161a    
 
Method 1 :  Using aq  KOH1 5 2  
 
A  s o l u t i on  o f  e s t e r  1 6 1a  (0 .2 0  g ,  0 . 50  mm ol )  an d  a  2 M s o l u t i on  
o f  K O H  i n  M e OH /H 2 O  ( 3m l )  w as  bo i l e d  u nd e r  r e f lux  fo r  5  d a ys .   
O n c e  c oo l ed  t o  ro om  t em p e ra t u r e ,  t h e  r ea c t i o n  m i x t u r e  w a s  
d i l u t ed  wi t h  H 2 O (2 0  ml ) ,  ba s i f i e d  t o  p H 10  wi t h  33  % N H 4 OH 
a n d  ex t r a c t e d  wi t h  e t h yl  a c e t a t e  (3  x  20  m l ) .   Th e  c o m bi n ed  
ex t r a c t s  w er e  d r i e d  ( a nh yd r o us  MgS O 4 )  an d  co n c en t r a t e d  i n  
v a c uo .   On l y t h e  s t a r t i n g  e s t e r  w a s  i so l a t ed  ( T LC  a nd  1 H -N MR  
a n a l ys i s  i nd i c a t e d  t h e  p r es en c e  o f  o n l y t h e  s t a r t i n g  e s t e r ) .   T he  
a q u eo us  ph a s e  w a s  a c i d i f i ed  us in g  d i l .  H Cl  t o  p H  1  an d  ex t r a c t ed  
w i t h  E t 2 O ( 3  x  20  m l ) .   T h e  c om bin ed  e t h e r  ex t r a c t s  we r e  d r i ed  
( a n h yd r o u s  M gSO 4 )  a nd  co n c en t r a t e d  i n  va cuo  w i t ho u t  yi e l d i n g  
a n y s i gn i f i c a n t  a m o u n t  o f  o r ga n i c  m at e r i a l .  
 
Method 2 :  Using LiOH1 5 3  
 
T o  a  s o lu t i o n  o f  e s t e r  16 1a  ( 0 . 14  g ,  0 . 3 1  mm ol )  i n  T H F/H 2 O  ( 10  
m l ,  1 : 1 )  w as  ad d ed  Li O H  (5 0 . 3  m g ,  1 . 20  mm ol )  po r t i on - wi s e  a t  
r o om  t e m p e r a t u r e .   T h e  r es u l t i n g  m i x t u r e  w as  s t i r r ed  f o r  2  h .   
T h e  o r ga n i c  s o l v e n t  w as  r e m o ve d  i n  v a c uo ,  an d  t h e  r e s i du e  w as  
ex t r a c t e d  wi t h  e thyl  a c e t a t e  (2x 2 0  m L) .   T h e  c om bi n ed  ex t r a c t s  
w e r e  w as h ed  ( b r ine ) ,  d r i ed  ( N a 2 SO 4 ) ,  f i l t e r ed ,  an d  co nc e n t r a t e d  
i n  v ac uo .   O n l y t h e  s t a r t i n g  e s t e r  w as  i so l a t e d .  ) .   A c id i f i c a t i on  
o f  t h e  a qu e ou s  ph a s e  u s i n g  d i l .  HCl  to  p H  1 ,  f o l lo w e d  b y  
ex t r ac t i o n  w i t h  E t 2 O  ( 3  x  30  m l )  a nd  t h e  c om bi ne d  e th e r  ex t r a c t s  
d r i e d  ( an h yd r o u s  M gS O 4 )  a nd  c on c en t ra t ed  i n  va c uo  y i e l d ed  no  
s i gn i f i c an t  am ou n t  o f  o r ga n i c  m at e r i a l .  
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Method 3:  Using H2 SO 4  
 
A  s o l u t i on  o f  e s t e r  1 6 1d  (0 .2 0  g ,  0 .5 0  mmo l )  w a s  ad de d  d ro p -
w i s e  t o  c on c .  H 2 S O 4  (0 . 5  ml ) .  T h e  r esu l t i n g  mix t u re  w a s  s t i r r ed  a t  
r o om  t e m p e r a t u r e  fo r  2  h .   Th e  m i x t u re  w a s  t h en  po u r ed  o n t o  i c e -
w a t e r  (2 0  ml ) ,  b a s i f i ed  t o  p H  10  wi t h  3 3  %  N H 4 O H  an d  ex t ra c t ed  
w i t h  E t 2 O  (3x 20  ml ) .   T h e  c om bin e d  o r ga n i c  f r a c t i on s  we r e  d r i e d  
( a n h yd r o u s  M gS O 4 )  a n d  c on c e n t r a t ed  i n  va cu o  t o  yi e l d  a  c o m pl ex  
m ix tu r e  o f  p r od u c t s  t h a t  co u ld  no t  be  id e n t i f i e d .   T h e  a q ue ou s  
p h as e  w as  t h en  a c id i f i ed  wi th  d i l .  HCl  t o  pH  2  an d  ex t r ac t e d  w i th  
E t 2 O  ( 3  x  2 0  ml ) .   T h e  c om bin e d  o r ga n i c  f r a c t io ns  we r e  d r i ed  
( a n h yd r o u s .  M gSO 4 )  an d  co n c en t r a t ed  i n  va c uo  t o  yi e l d  t he  a c i d  
1 6 0a  a s  o i l  (0 .0 8  g ,  0 .8  m mo l ,  8 5  % ) ;  νm a x / cm - 1  (C HCl 3 )  1 710  
( C O )  a nd  34 50  ( OH ) ;  δH  ( 30 0  M Hz ,  C DCl 3 )  1 .0 7  (9 H,  s ,  t -b u -
C H 3 ) ,  2 .4 9 -2 .5 3  ( 1H ,  d d ,  2 - H ,  J  4 .2 6 ,  4 .2 6 ) ,  3 .0 4 -3 .2 5  (2 H ,  2x dd ,  
C H 2 Ph ,  J  4 . 22 ,  7 .97 ,  7 .9 7 ) ,  7 .1 6 -7 .7 4  ( 5 H ,  m ,  Ar - H ) ;  δC  (7 5  M Hz )  
2 7 .9 9  ( t -b u -C ) ,  3 0 .3 5  (C H 2 P h) ,  34 .2 1  ( C -3 ) ,  57 .1 5  (C -2 ) ,  1 2 3 . 92 ,  
1 2 6 . 58 ,  12 7 . 57 ,  134 . 78  a nd  1 53 .6 9  ( Ar - C )  a nd  2 08 .3 1  (C- 1 ) .   
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4.2.6 Asymmetric  reduction of α-keto 
esters 
 
4 .2 .6 .1  Preparat ion o f  ke to  es ters  198  and  200  
 
Prepara t ion  of  Benzoylfo rmyl  chlor ide1 4 4  
 
Be nz o yl f o r mi c  a c id  ( 2 .0 0  g ,  3 . 33  mm ol )  w as  d i s s o l ve d  i n  ex c ess  
t h i on yl  c h l o r i d e  (2 0  m l )  i n  a  t h r e e -n e c k ed  f l a s k .   T he  m ix t u re  
w a s  t h en  r e f l ux e d  f o r  1  h  a t  65  o C .   U n r e a c t e d  t h io n yl  c h lo r id e  
w a s  r em ov e d  i n  v ac u o  an d  t h e  r es i due  p um p ed  do w n  u nd e r  h i gh  
v a c uu m  f o r  3 0  min  to  a f fo r d  c r ud e  b e nz o yl f o r m yl  c h l o r id e  a s  
ye l l o wi sh  o i l .  
 
Prepara t ion  of  Pyruvoyl  chlor ide 1 4 3  
 
T o  a  so lu t io n  o f  pyr u v i c  a c id  ( 2 . 00  g ,  1 8 . 0  mm ol )  i n  CH 2 Cl 2  (5 0  
m l )  w as  ad d ed  ox a l yl  c h lo r id e  (2 .3 1  g ,  2 1  mm ol )  d r op - wi se  
f o l lo w e d  b y D M F ( 4  d r op s )  a t  0 o C .   T h e  mix t u re  w as  a l l o w ed  t o  
s t i r  fo r  30  mi n  and  th e  s o lv e n t  r em ov e d  i n  va c uo  l e av in g  c r u d e  
p yr u v o yl  c h l o r id e  as  b r ow ni sh  o i l .  
 
Prepara t ion  of  2-oxobutanoyl  chlor ide  1 4 4  
 
T h e  m e th od  us e d  f o r  t h e  s yn t h e s i s  o f  p yr u v o yl  c h lo r i de  w as  
f o l lo w e d  us in g  2 -ox ob u t yr i c  a c i d  (1 . 01  g ,  9 .8  mm ol )  ox a l yl  
c h lo r i d e  (1 .9 0  g ,  1 5 .6  mm ol )  an d  DM F ( 5  d r ops ) .  Th e  m ix tu r e  
w a s  t h e n  s t i r r ed  f o r  1  h ,  s o lv e n t  r e mov e d  i n  va cu o  t o  a f fo r d  c ru d e  
2 - ox ob u t a no yl  c h lo r i de  a s  an  o i l .  
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
b e nz o y l f o r ma t e  19 8a .  
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A  f r e sh l y- p r e p a r e d  s o l u t i on  o f  b enz oyl f o r m yl  c h lo r i d e  ( 1 .6 0  g ,  
9 . 5  m mol )  i n  T H F  ( 2 0  ml )  w as  a d de d  t o  a  s o lu t io n  o f  a l co h o l  15 9  
( 1 .7 0  g ,  5 . 3  mm ol )  i n  TH F  ( 10  ml )  d r op - wi se  a t  0  o C  u n de r  N 2  
a tm os ph e r e .  T h e  re s u l t i n g  mix t u re  w a s  s t i r r ed  f o r  1  h  a t  0  o C  
f o l l o w e d  b y r e f l ux  f o r  a  fu r t h e r  2  h  w h e r eu po n  t h e  r e ac t i on  w a s  
q u en c h ed  wi t h  s a tu r a t e d  N a HC O 3  so lu t io n  and  ex t rac t e d  wi th  
e t h e r  ( 3  x  30  ml ) .   T h e  o r gan i c  l a ye r  w a s  w ash e d  wi th  b r i n e ,  
d r i e d  w i t h  M gS O 4  a n d  co nc e n t r a t ed  i n  va cu o .  T h e  c r ude  p ro du c t  
w a s  p u r i f i ed  b y c o lum n  c h ro ma to gr a p h y,  u s i n g  hex a n e :e th yl  
a c e t a t e  ( 9 : 1 )  a s  e l u en t  t o  g iv e  (1 R , 2 S , 3R ) - 2 ,2 - [ (1 R ,2 S , 3R ) -
b or na n e -2 ,3 -d io x y] b or na n -3 - y l  b e nzoy l f o r m at e  19 8a  a s  a  p a l e -
w h i t e  s o l id  ( 1 . 3  g ,  2 . 9  mm ol ,  54  % ) ;  m p  13 3 . 2 -1 35 .4 o C ;  νm a x / cm - 1  
( C HCl 3 )  1 71 0  an d  1 7 32  (C O) ;  δH  (3 00  M Hz ,  C DCl 3 )  0 .79 - 0 . 99  (6  
x  s ,  1 8H ,  8 ’ - ,8 - , 9 -  , 9 ’ - , 10 - ,1 0 ’ -C H 3 ) ,  1 . 02 -1 .3 9  (8 H ,  m ,  5 - ,  5 ’ - ,  
6 - ,  6 -C H 2 ) ,  1 . 92  ( 1H ,  s ,  C - 4 ’ ) ,  1 . 97  (1 H ,  s ,  C -4 ) ,  3 .8 8 -3 . 9 4  (2 H ,  
2  x  d ,  2 ’ -  a nd  3 ’ -H J  7 . 5 ) ,  4 . 83  ( 1 H,  s ,  C - 3 )  7 .5 1  ( 2H ,  d ,  J  7 . 0  ) ,  
7 . 56  ( 1H , d ,  J  7 .5  ) ,  8 .0 1  ( 2H ,  d ,  J  7 . 0 ) ;  δC  (7 5  MHz ,  C D Cl 3 )  
1 1 .0 7 ,  1 1 . 23  (C -1 0  a n d  C - 10 ’ )  21 .2 8 ,  2 1 .3 6 ,  2 3 . 08  (  C - 8 ,  C -8 ’ ,  C -
9 ,  C - 9 ’ )  2 4 .  04 ,  2 4 .9 4  (C -6 ,  C -6 ’ ) ,  2 9 .6 7 ,  32 .8 3  (C -5 ,  C - 5 ’ ) ,  
4 6 .2 4  (C - 1 ’ )  47 .4 1  ( C -4 ) ,  48 . 03 ,  48 .70  (C - 7 ,  C - 7 ’ ) ,  5 0 . 66  (C - 4 ) ,  
5 1 .7 8  ( C- 1 ) ,  81 .5 4  ( C -2 ’ ) ,  85 .1 3  (C -3 ) ,  8 9 . 17  (C - 3 ’ ) ,  11 6 .8 3  ( C-
2 )  1 29 .3 7 ,  13 0 . 28 ,  1 3 2 . 69 ,  13 5 . 41  (A r– C ) ,  1 63 .8 4  (C - 1 ”) ,  18 6 . 32  
( C -2 ” ) ;  m/ z  45 2 . 20 7 29  (M + ,  8 . 2  %) ,  C 2 8 H 3 6 O 5  r e qu i r e s  M + ,  
4 5 2 . 27 32 1 .  
 
 
(1 R , 2S ,3 R ) - 2 ,2 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -3 - y l  
p y ru v a t e  19 8b   
 
T o  a  s o lu t io n  o f  a l c o ho l  15 9  (1 .2 0  g  ,  3 .8  mm ol )  i n  d r y  T H F ( 3 0  
m l )  w a s  a dd e d  f r es h l y p r e p a r e d  p yr u v o yl  c h lo r id e  ( 0 . 90  g ,  7 .5  
m m ol )  i n  TH F  (5  m l )  d r op - wi s e  a t  0 o C ,  fo l lo w e d  b y ad d i t i on  o f  
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E t 3 N  ( 1 .1 2  g ,  7 .5  m m ol ) .   T h e  r es u l t i n g  m i x t u r e  w a s  s t i r r e d  f o r  2  
h  a nd  qu e nc h ed  wi t h  H 2 O.   Th e  aq u eo us  l a ye r  w a s  ex t ra c t ed  wi th  
d i e th yl  e t he r  (2  x  4 0  m l ) .  T h e  c om b i n e d  ex t r a c t s  w ere  w a s h ed  
w i t h  b r i n e ,  d r i e d  wi th  M gS O 4 ,  an d  c onc e n t r a t e d  i n  v a cu o .  T h e  1 H -
N MR  sp e c t ru m o f  t h e  c ru d e  p ro du c t  sh o w ed  t h e  p re s en ce  o f  o n l y  
s t a r t i n g  m at e r i a l .  
 
(1 R , 2S ,3 R ) - 3 ,3 - [ (1 R , 2S ,3 R ) - Bo rn an e -2 , 3 - d i o xy] bor na n -2 - y l  
b e nz o y l f o r ma t e  20 0 .  
 
T h e  m et ho d  d e sc r ib e d  fo r  t he  s yn t h es i s  o f  α -k e to  e s t e r  1 9 8a  w as  
fo l l o w e d  us in g  a  so lu t io n  o f  a l coh o l  1 67  ( 1 . 50  g ,  4 . 7  m mol )  i n  
T H F  ( 30  ml )  an d  be nz o yl f o r m yl  c h l o r i d e .   W o rk -u p  fo l lo w e d  b y 
c o l um n  c h r om at o gr a p h y u s i n g  h ex ane / e t h yl  a c e t a t e  (9 .5 : 0 .5 )  a s  
e l u en t  ga v e  (1 R ,2 S , 3 R ) -3 , 3 - [ (1 R , 2S ,3 R ) - bor na n e -2 ,3 -
d io x y] born an - 2 -y l  b e nz o y l f o r ma t e  2 00  as  a  wh i t e  so l i d  ( 0 .9 0  g ,  
1 . 9  mm ol ,  4 3  % ) ;  m p  98 .5 -1 01 .3 o C ;  δH  ( 30 0  MHz ,  C DCl 3 )  0 . 77 ,  
0 . 82 ,  0 .8 9 ,  0 . 97 ,  1 .0 1  an d  1 .0 9  (1 8H ,  6x s ,  9 - ,  9 ’ - ,  8 - ,  8 ’ - ,  1 0 -  a nd  
1 0 -C H 3 ) ,  1 .5 2 -1 .6 6  ( 8 H,  s e r i e s  o f  mul t i p l e t ,  5 - ,  5 ’ - ,  6 - ,  a n d  6 ’ -
C H 2 ) ,  1 . 84  ( 1 H,  d ,  4 ’ - H ,  J  5 . 2 ) ,  2 . 25  (1 H ,  d ,  4 - H,  J  6 .3 ) ,  3 . 76  a nd  
3 . 83  (2 H ,  2x d ,  2 ’ -  a n d  3 ’ - H,  J  4 . 91 ,  4 . 9 2 ) ,  5 .1 6  (1 H,  s ,  2 - H ) ,  7 .0 5  
( 2 H ,  d ,  Ar - H ) ,  7 . 62  ( 1 H,  d ,  A r - H)  a nd  8 .0 6  (2 H,  d ,  A r -H ) ;  δH  ( 75  
M Hz ,  C DCl 3 )  11 .42  a n d  1 1 . 53  ( C -10  a n d  C -1 0 ’ ) ,  20 .5 2  (C - 9 ) ,  
2 0 .8 8  (C - 9 ’ ) ,  2 0 . 94  (C - 5 ) ,  21 .6 7  ( C-8 ’ ) ,  2 2 . 94  (C -8 ) ,  23 . 50  (C -
5 ’ ) ,  32 .2 2  (C - 6 ) ,  33 . 67  ( C- 6 ’ ) ,  4 6 . 66  ( C- 1 ) ,  4 7 . 62  (C -4 ’ ) ,  4 7 . 89  
( C -1 0 ’ ) ,  4 8 . 77  (C -7 ) ,  4 9 . 55  (C - 7 ’ ) ,  5 0 .8 9  ( C- 4 ) ,  82 .43  ( C- 2 ’ ) ,  
8 4 .7 0  (C -2 ) ,  8 7 . 20  ( C - 3 ’ ) ,  1 15 .0 4  (C- 3 ) ,  1 29 .1 7 ,  1 30 .56 ,  13 2 . 86 ,  
1 3 5 . 13  ( A r - C) ,  163 . 36  (C - 1 ”)  a nd  18 6 .4 4  (C -2 ” ) ;  m/ z  4 5 2 . 25 83 0  
( M + ,  1 . 9  % ) ,  C 2 8 H 3 6 O 5  r eq u i r es  M + ,  45 2 .2 56 27 .  
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4 .2 .6 .2  Reduct ion of  ke to  es ter  198a   
 
Method 1  using NaBH4   
 
A  so lu t io n  o f  N a BH 4  (0 .3 0  g , 7 .8  mmo l )  i n  wa t e r /m et h an o l  (1 :1 )  
w a s  a dd e d  d r op - wi s e  t o  a  s t i r r ed  so lu t io n  o f  (1 R , 2S ,3 R ) -2 ,2 -
[ (1 R , 2S , 3 R ) - bo r n ane - 2 ,3 - d iox y] b o rn a n- 3 - yl  b e nz o yl f o r ma t e  1 98 a  
( 1 .2 0  g ,  2 .7  m mol )  i n  me th a no l  ( 20  m l )  a t  0  o C .   T h e  r e a c t i o n  
m ix tu r e  w as  s t i r r e d  f o r  1  h  an d  th e n  qu e n ch e d  wi th  d i l u t e  a qu e ous  
a c e t i c  a c i d  ( 3  m l ) .   T h e  m i x t u re  w a s  ex t ra c t ed  w i t h  e t h e r  ( 3  x  20  
m l ) ,  w a sh e d  wi th  b r in e  an d  d r i e d  ov e r  M gSO 4 .   A f t e r  
c o n c en t r a t i o n  i n  v a c uo  fo l l o w ed  by  p r e p a r a t i ve  T LC  u s i n g  
h ex an e : e th yl  a c e t a t e  (9 9 :1 )  a s  e lu e n t ,  (1 R , 2S , 3R ) - 2 ,2 -
[ (1 R ,2 S , 3R ) - b or nan e - 2 , 3 -d i o x y] bornan - 3 - y l  h yd rox y p h en y l -
a c e t a t e  1 99  w as  ob t a in e d  as  a n  o i l  (0 . 30  g ,  0 . 66  mmo l ,  2 5  %) ;  
νm a x / cm - 1  (C HCl 3 )  1 73 6  (C O )  an d  3 4 87  ( O H ) ;  δH  (30 0  M Hz ,  
C DCl 3 ) ;  0 .6 9 /0 .7 5 ,  0 .7 9 / 0 . 85 ,  0 .9 0 /0 . 92 ,  0 .9 8 / 1 . 01 ,  1 . 1 0 /1 .1 2 ,  
1 . 19 / 1 . 29  (1 8  H,  s ,  8 - ,  8 ’ - ,  9 - ,  9 ’ - ,  1 0 -  a nd  1 0 ’ - CH 3 ) ,  1 . 32 -1 .1 9  
( 1 0  H ,  m ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ,  4 - ,  4 ’ -H ) ,  2 .6 3 / 3 . 62  an d  3 . 48 / 3 . 82  
( 2 H ,  d ,  2 ’ -  a n d  3 ’ -H ) ,  4 . 51 /4 .6 2  (1 H ,  s ,  3 - H)  a n d  5 . 14 /5 . 19  ( 1H ,  
s ,  2 ” - H) ;  δC  (7 5  MH z ,  C DCl 3 )  1 0 . 74 /1 1 .1 5  (C - 10 ) ,  11 .23  (C - 10 ’ ) ,  
2 0 .8 8 /2 1 . 18  (C -8 ) ,  2 1 . 32 /2 1 . 41  (C -8 ’ )  2 2 . 9 / 23 .0 9  (C- 9 ,C -9 ’ ) ,  
2 3 .7 3 /2 3 . 96  ( C -6 ) ,  2 4 .7 1  (C -6 ’ ) ,  2 9 . 61  ( C - 5 ) ,  3 1 . 98 / 32 .9 4  ( C - 5 ’ ) ,  
4 5 .9 6 /4 6 . 22  (C -1 ’ ) ,  47 .2 1 /4 7 . 39  (C - 4 ’ ) ,  47 .5 6 / 47 .98  (C - 7 ) ,  
4 8 .1 3 /4 8 . 29  ( C -7 ’ )  5 0 .1 8 /5 0 . 64  ( C - 4 ) ,  51 .6 5 / 51 .7 1  ( C - 1 ) ,  
7 3 .6 6 /7 3 . 75  ( C- 2 ”) ,  8 1 . 16 / 81 .3 8  (C - 2 ’ ) ,  8 4 . 88 /8 5 . 06  ( C -3 ’ ) ,  
8 8 .3 5 /8 9 . 46  (C -3 ’ ) ,  1 16 .3 7 /1 16 .76  (C -2 )  1 26 .90 /1 26 .9 8 ,  
1 2 7 . 22 / 12 8 . 86 ,  128 . 92 / 12 9 . 07 ,  12 9 .1 3 ,  13 8 . 23 / 13 8 . 46  ( A r -C )  
1 7 2 . 76 / 17 3 . 22 - (C -1” ) ;  m/ z  45 4 . 35 830  ( M + ,  1 . 9  % ) ,  C 2 8 H 3 8 O 5  
r e q u i r es  M + ,  45 4 . 25 6 27 .  
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Method 2  using L-Selec tr ide  
 
T o  a  so l u t io n  o f  ke t o  es t e r  19 8a  ( 1 . 50  g ,  3 .3  mmo l )  i n  d r y T H F 
( 2 0  m l )  w as  a dd ed  a  s o l u t i on  o f  L- S e l e c t r i d e  (4 .9 8  m l ,  4 . 98  
m mol )  d r op - wis e  a t  -7 8 o C  un d e r  a  n i t ro ge n  a tm os phe r e .  T h e  
r e s u l t i n g  mix tu re  w a s  a l l o w ed  t o  s t i r  f o r  4  h  a t  - 78 o C  a nd  
q u en c h ed  wi t h  H 2 O .  T h e  a qu e ou s  l aye r  w a s  ex t r a c t ed  w i t h  e th e r  
( 3  x  30  ml ) .   Th e  c om bi n ed  ex t r a c t s  w e re  w as h ed  w i t h  b r i ne ,  
d r i e d  ( N a 2 S O 4 )  an d  c on c e n t r a t ed  i n  v ac u o  f o l l o we d  b y p r e p a r a t i ve  
T LC  p u r i f i c a t i o n  to  a f fo rd  (1 R , 2S ,3R ) - 2 , 2 - [ (1 R , 2S ,3 R ) - b or na n e-
2 , 3 - d i o xy] bor na n -3 - y l  h y dr o x yp he n y la c e ta t e  19 9  (0 .7 6  g ,  1 .7  
m mol ,  51  % ) .   
 
Method 3  using  Super-Hydride 
 
T o  a  s o l u t i on  o f  ke t o  e s t e r  19 8a   ( 0 .5 0  g ,  1 . 1  m mo l )  i n  d r y T H F 
( 1 5  m l )  w as  a dd ed  a  s o l u t i on  o f  Su p e r -H yd r i d e  (2 .05  ml ,  2 . 1  
m mol )  o v e r  a  p e r io d  o f  5  mi n  a t  - 78  0 C  un d e r  a  N 2  a tm os ph e r e .  
T h e  r esu l t i n g  mix tu re  was  s t i r r ed  fo r  5  min  fo l l o w e d  b y 
q u en c h i n g  wi th  H 2 O .  T h e  aq u eo us  l a ye r  w a s  ex t r a c t ed  wi th  e th e r ,  
d r i ed  w i th  N a 2 SO 4 ,  f i l t e r ed ,  a nd  co n ce n t r a t ed  i n  v ac uo  f o l l o w ed  
b y p u r i f i c a t i o n  to  a f f o rd  (1 R ,2 S , 3R) - 2 , 2 - [ (1 R ,2 S , 3R ) - bo rn an e -
2 , 3 - d i o xy] bor na n -3 - y l  h yd ro x y ph en y la c e ta t e  1 99  ( 0 .3 6  g ,  0 . 79  
m mol ,  72  % ) .  
 
4 .2 .6 .3           Reduction of  keto  es ter  200 
  
M e th od  2  f o r  t he  r e d u c t i o n  o f  ( 1 R , 2 S , 3R ) -2 ,2 - [ (1 R , 2 S , 3R ) -
b o rn a n e- 2 , 3 -d iox y] b o rn a n -3 - yl  b e nz o yl f o r ma t e  19 8a  w as  
fo l l o w e d  us i n g  a  so lu t i o n  o f  k e t o  e s t e r  20 0  ( 0 . 95  g ,  2 .6  mm ol )  i n  
T H F (3 0  ml )  a nd  L- S e l e c t r i d e  ( 3 . 9  ml ,  3 . 9  mmo l ) .  W o r k -up  
f o l lo w e d  b y p r e p a r a t i v e  t h i n  l a ye r  c h r om at o gr ap h i c  pu r i f i c a t i o n  
u s i n g  s i l i c a  [ e l u t i on  w i t h  h ex a ne / e t h yl  a c e t a t e  ( 99 : 01 ) ]  a f f o rd e d  a  
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d i as t e r eo m er i c  mix tu r e  o f  (1 R , 2S ,3R ) - 3 , 3 - [ (1 R , 2S ,3 R ) - b or na n e-
2 , 3 - d i o xy] bor na n -2 - y l  h yd ro x y ph en y lac e t a t e  20 1  a s  a n  o i l  (0 .3 5 ,  
0 . 77  mm ol ,  3 7  % ) ;  νm a x / cm - 1  (C HC l 3 )  1 73 6  (C O)  a nd  351 0  (O H ) ;  
δH  (3 00  M Hz ,  C DCl 3 )  0 .2 8 /0 .4 9 ,  0 . 58 /0 . 60 ,  0 . 60 / 0 . 6 4 ,  0 .7 4 / 0 . 78 ,  
0 . 83 / 0 . 86  a nd  1 . 08 /1 . 16  (1 8H ,  s ,  9 - ,  9 ’ - ,  8 - ,  8 ’ - , 1 0 ’ -  a nd  1 0 -C H 3 ) ,  
1 . 27 -2 .0 5  ( 10  H ,  s e r i e s  o f  mul t i p l e t  ,  5 - ,  5 ’ - ,  6 - ,  6 ’ -C H 2 ,  4 - ,  and  
4 ’ - H )  2 . 54  ( 1 H,  b r ,  O H ) ,  3 .6 3  a nd  3 .74  (2 H ,  2x d ,  2 ’ -  a nd  3 ’ - H,  J  
6 . 00 ,  6 . 10 ) ,  4 .9 8 / 5 . 2 8  (1 H ,  2x s ,  2 - H) ,  5 .2 1 / 5 . 46  (1 H,  s ,  2 ” -H ) ,  
7 . 08 -7 .6 9  (5 H,  m ,  A r - H ) ;  δC  (7 5  M Hz ,  CDCl 3 )  11 .3 3  an d  1 1 .39  
( C -1 0  a nd  C - 10 ’ ) ,  19 .1 3 /1 9 . 62  (C - 9 ) ,  2 0 . 07 / 20 .8 3  ( C -9 ’ ) ,  
2 0 .8 9 /2 1 . 56  ( C- 8 ) ,  2 1 .6 3  (C -5 ) ,  22 .68 /2 2 . 79  ( C- 8 ’ ) ,  23 . 5 8 /2 3 . 69  
( C -5 ’ ) ,  3 2 . 07 /3 2 . 15  ( C -6 ) ,  33 .5 0  (C - 6 ’ ) ,  46 .3 8 /4 6 . 26  ( C -1 ) ,  
4 7 .2 9 /4 7 . 30  (C -7 ’ ) ,  4 7 . 60 /4 7 . 68  (C - 4 ’ ) ,  48 .6 6 / 48 .92  (C -7 ’ ) ,  
5 0 .5 8 /5 0 . 67  (C -1 ) ,  50 .7 8 /5 0 . 9 8  (C- 4 ) ,  73 .5 5 / 73 .8 3  ( C- 2 ” ) ,  
8 1 .4 4 /8 2 . 24  (C -2 ’ ) ,  82 .4 9 /8 4 . 71  (C - 2 ) ,  8 6 . 59 / 87 .0 0  ( C -3 ’ ) ,  
1 1 1 . 69 / 11 4 . 92  ( C- 3 ) ,  1 26 .9 4 / 12 7 . 06 ,  12 8 . 38 /1 28 .6 2 ,  1 2 8 . 87 ,  
1 3 8 . 43 / 13 8 . 52  ( A r -C )  a nd  17 2 . 54 /1 72 . 6 8  (C -1 ” ) ;  m/ z  4 54 . 25 830  
( M + ,  1 . 9  % ) ,  C 2 8 H 3 8 O 5  r eq u i r es  M + ,  45 4 .2 76 27 .  
 
4 .2 .6 .4 Hydrolys is  o f  (1R ,2S ,3R ) -2 ,2-
[ (1R ,2S ,3R ) -bornane-2 ,3-dioxy]bornan-3-
yl  hydroxyphenylacetate  199   
 
T o  a  so l u t i on  o f  ( 1R , 2 S , 3 R ) -2 , 2 - [ (1 R , 2 S , 3R ) -b o r n a n e- 2 , 3 -
d i ox y] b o rn a n -3 - yl  h yd r ox yp h e n yl a c e t a t e  19 9   ( 0 . 45  g ,  0 .99  
m mol ) ,  i n  TH F/H 2 O  ( 1 0  m l ,  1 : 1 )  was  a d de d  Li O H  ( 0 .08  g ,  1 . 98  
m mol )  p o r t i on - wi se  a t  r oo m  t em pe r a t u re .  T h e  r e su l t i n g  mix t u r e  
w a s  s t i r r ed  fo r  48  h .  Th e  o r ga n ic  so lv e n t  w as  r em ov e d  i n  va c uo ,  
a n d  t h e  r es i du e  ex t ra c t ed  w i t h  d i e th yl  e t he r  (2x 4 0  m l ) .   Th e  
c o mbi n ed  ex t r a c t s  w e r e  w as h ed  wi t h  b r i n e ,  d r i ed  ( an h yd r o us  
M gS O 4 ) ,  f i l t e r e d  an d  c on c en t r a t e d  i n  v a c uo .   A f t e r  p u r i f yi n g  t h e  
c r u d e  p r od u c t  b y  c o l umn  c h r om ato gr a p h y u s in g  h e x a n e / e t h yl  
a c e t a t e  ( 9 : 1 )  a s  e l ue n t ,  a l co ho l  1 59  w as  o b t a i n ed  a s  a  w h i t e  s o l i d .  
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T h e  aq ue ou s  l a ye r  w a s  a c i d i f i e d  (p H = 1)  wi t h  3  M H Cl  an d  
ex t r a c t e d  wi t h  e t he r  ( 3  x  2 0  m l ) .   T h e  c om b i n e d  ex t ra c t s  w e r e  
w a s he d  wi t h  b r i ne ,  d r i ed  ( a nh yd r o u s  M gS O 4 ) ,  f i l t e r e d  and  
c o n c en t r a t e d  i n  va cuo  t o  yi e l d  a n  e n an t i o m er i c  m ix t u r e  o f  
m a nd e l i c  ac id  20 2 ;  [α ] D 2 5  +2 5 . 6 o ( c  0 . 12  i n  H 2 O ) { l i t . 1 5 4  [α ] D 2 5  
+ 1 53 .0 o  ,  fo r  t h e  S -e n an t io m er } ;  (0 . 12  g ,  0 . 6  mm ol ,  80  %) ;  
νm a x / cm - 1  (C HCl 3 ) ,  1 71 3  ( CO ) ,  35 09  ( O H ) ;  δH  ( 30 0  MHz ,  C DC l 3 )  
3 . 13  ( 1  H ,  d ,  O H ) ,  4 .9 2  (1  H ,  d ,  2 -H ) ,  7 . 6 -7 .9  ( A r - H ) ;  δC  ( 75  
M Hz ,  C DC l 3 )  7 3 . 20  ( C- 2 ) ,  1 27 .4 6 ,  12 8 . 5 5 ,  1 29 .0 5 ,  1 40 .9 5 ,  13 0 . 10  
( A r -C ) ,  17 6 . 96  ( C-1 ) .  
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6. APPENDICES 
 
6 .1 Crystal lographic  data  for  (1R,2S,3R)-2,2-
[ (1R,2S,3R)-Bornane-2 ,3-dioxy]bornan-3-y l  2”-
benzyl -3”-m ethylbutanoate  161c  
C r ys t a l  D a t a  
Formula C32 H46 O4 
Formula Weight 494.69 
Crystal System                                           Monoclinic 
Space group                                     P21 (No. 4)                                          
a, b, c [Angstrom]              6.9821(2)   19.3356(5)   10.5667(3) 
alpha, beta, gamma [deg]               90  94.8610(10)           90 
        V [Ang**3]                                           1421.41(7) 
        Z  2                                                                
D(calc) [g/cm**3]                                         1.156 
Mu(MoKa) [ /mm ]                                       0.074 
F(000)                                                          540 
Crystal Size [mm]                              0.11 x  0.13 x  0.14 
 
D a ta  Co l l ec t i on  
   
Temperature (K)                                           113 
Radiation [Angstrom]                              MoKa      0.71073 
Theta Min-Max [Deg]                                   5.1,  25.7 
Dataset -8:  8 ; -23: 23 ; -12: 12 
Tot.,                    Uniq. Data, R(int) 5361,   5361,  0.000 
Observed data [I > 2.0 sigma(I)]                  4353 
                                               
         Refinement    
                   
Nref, Npar                                               5361,  333 
R, wR2, S                                      0.0347, 0.0773, 1.01 
w = 1/[\s^2^(Fo^2^)+(0.0379P)^2^]          where P=(Fo^2^+2Fc^2^)/3 
Max. and Av. Shift/Error                                 0.00, 0.00 
Flack x                                                      0.4(7) 
Min. and Max. Resd. Dens. [e/Ang^3]                  -0.16, 0.19 
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6 .2 Crystal lographic  data  for  (1R,2S,3R)-3,3-
[ (1R,2S,3R)-Bornane-2 ,3-dioxy]bornan-2-ol  167  
 
     Crystal Data 
       
Formula C20 H32 O3 
Formula Weight 320.46 
Crystal System Orthorhombic 
Space group P212121      (No. 19) 
a, b, c [Angstrom]             11.1066(2)   11.8605(2)   13.6524(2) 
 
V [Ang**3] 1798.43(5) 
Z 4 
D(calc) [g/cm**3] 1.184 
Mu(MoKa) [ /mm] 0.077 
F(000) 704 
Crystal Size [mm] 0.16 x  0.18 x  0.20 
 
 
                       
Data Collection 
           
Temperature (K) 213 
Radiation [Angstrom] MoKa      0.71073 
Theta Min-Max [Deg] 2.5,  25.7 
Dataset   -13: 13 ; -14: 14 ; -16: 16 
Tot., Uniq. Data, R(int) 6767,   3409,  0.023 
Observed data [I > 2.0 sigma(I)] 2692 
 
      Refinement 
Nref, Npar 3409,  216 
R, wR2, S 0.0359, 0.0914, 1.04 
 
w = 
1/[\s^2^(Fo^2^)+(0.0513P)^2^+0.0401P] 
where P=(Fo^2^+2Fc^2^)/3 
Max. and Av. Shift/Error 0.00, 0.00 
Flack x 0.0(10) 
Min. and Max. Resd. Dens. [e/Ang^3]         -0.11, 0.16 
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6.3 Crystal lographic  data  for  (1R,2S,3S)-3 ,3-
[ (1R,2S,3R)-Bornane-3-amino-2-oxy]bornan-2-ol  174.  
  
  
                   Crystal Data                                       
    
Formula C20 H31 N O2 
 
Formula Weight 317.46 
Crystal System Orthorhombic 
Space group P212121      (No. 19) 
a, b, c [Angstrom] 6.9639(2)   10.9337(2)   23.4075(6) 
V [Ang**3] 1782.28(8) 
Z 4 
D(calc) [g/cm**3] 1.183 
Mu(MoKa) [ /mm ] 0.075 
F(000) 696 
Crystal Size [mm] 0.28 x  0.30 x  0.32 
                                          
                   Data Collection 
 
Temperature (K) 213 
Radiation [Angstrom] MoKa      0.71073 
Theta Min-Max [Deg] 3.2,  26.0 
Dataset -8:  8 ; -13: 13 ; -28: 28 
Tot., Uniq. Data, R(int) 3499,   3499,  0.000 
Observed data [I > 2.0 sigma(I)] 3115 
                                                                                                    
        Refinement                                              
                                   
Nref, Npar 3499,  219 
R, wR2, S 0.0434, 0.1254, 1.15 
w = 
1/[\s^2^(Fo^2^)+(0.0479P)^2^+0.7001P] 
where P=(Fo^2^+2Fc^2^)/3 
Max. and Av. Shift/Error 0.00, 0.00 
Flack x -0.9(17) 
Min. and Max. Resd. Dens. [e/Ang^3] -0.18, 0.21 
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1 H-NMR and 1 3 C-NMR spectra  of  d ias tereomers  192 
 
 
